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PREFACE

That the soil represents a minei-al resouree is seldom realized by

the Mineral Industry, but this most important of nature's rock products

is placed in the cate^'ory of the Ay:ric-ul1ural Industry. The soil scientist

is one of the best mineralo<j:ists of clay materials, the a<?ricultural chemist

contributes immeasurably to the chemical evaluation of the mineral

materials wluch are added to the soil to benetit it, and the soil surveyor

uses the knuwled^^e of ^eolo<jri<-al pi-ocesses to deternune the origin of the

soil he is mapping.
A more commercial aspect of the soil, so far as the miner is con-

cernt'd. lies in the market for minei-al materials which is developed by

the Agricultural Industry in its demand for such materials to be used

in benefiting the soil, either as a fertilizer or as a conditioner. The market

extends even farther into uses of minerals as insecticides and insecticide

carriers.

To market minerals intelligently, to contribute minerals where they

are actually needed, and to represent truthfully the product marketed,

places upon the miner the responsibility of knowing something of the

nature of soil and its needs and to appreciate Ids contribution. To utilize

minerals intelligently where they are actually needed in agriculture, to

kimw the exact composition and nature of the minerals used, and to

realize where tliese minerals can be obtained and in what form they may
be secured, places a res]>onsibility upon the faimei* who contributes to

the livelihood and health of our civilization.

It is the aim of this book, therefoi-e, to present to the reader the facts

concerning the various soils of California and their needs, the mineral

materials whicli are sold to and used by agriculture today, and the

soui'ccs of supply in this State of many of these luinerals now used.

It is hoped that on the one hand, this initial step will encourage the

agriculturalist to learn more of the geology and mineral resources of

California. On the other hand, it is hoped that the producer of minerals

will realize the importance of contributing minerals for the soil, thereby

increasing the agricultural wealth of the State and its Mineral Industry.

The reader may be assured of the authenticity of the contents of this

bulletin, since it represents the joint product of disinterested technical

personnel of the State's divisions of Soil. Chemistry, and Klines.

OLAF P. JEXKLVS
Chief. Division of Mines

San Francisco

January 5, 1951
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8uch knowledge of soils and soil-management methods as was
brought to California by early settlers from the humid East and from
western Europe often proved of questionable value in the arid and semi-

arid regions of the state. Prolonged seasons of drought and the frequent
occurrence of soil alkali presented unfamiliar and serious obstacles to

the agricultural immigrant. Later, the shift from large-scale dry farm-
ing to specialized crops and orchards under irrigation brought to light

manj' unforeseen problems and threw new tasks upon soil scientists.

California soil-research achievements of the past 70 years are impres-
sive. Still to be solved, however, is a bewildering array of problems, both

Table 1. Soil surveys in Cnlifornia.

No.

8
9

10
11

12

13

U
15

16
17

18

19

20
21

22
23

24
25
26
27
28
29
30

.\rea

Around Fresno*
Around Santa Ana*
Hanford*
Soledad Sheet*
Lower Salinas Valley*

Ventura*
San Gabriel*

Imperial Vallej-*

San Jose*

Imperial*

Indio*

Los Angeles*
Bakersfield*

Sacramento*
Yuma Area, Arizona-California*.

San Bernardino ^alley*

Stockton*
Colusa*
Redding*
Klamath Reclamation Project* .

Modesto-Turlock*
Pajaro Valley*

Porterville*

Marysville*
Woodland*
Livermore Valley*

Madera*
Red Bluff*

Fresno*
Merced*
Ukiah*
Healdsburg*
Honey Lake
Pasadena.-
Riverside

San Fernando*
-Anaheim
Los .\ngele8

Santa Maria
Ventura —
El Centro
Grass Valley
WUlits
Shasta Valley

Big Valley —
Brawley
Eureka
Victorville

Date
of

.survey

1900
1900
1901

1901

1901

1901

1901

1901

1903
1903
1903
1903

1904
1904
1904

1904
1905
1907

1907
1908
1908
1908
1908
1909
1909
1910
1910
1910
1912
1914

1914
1915
1915
1915
1915
1915
1916
1916
1916
1917
1918
1918
1918
1919
1920
1920
1921
1921

.\o.

31

32
33
34
35
36

37
38
39
40
41

42

43
44
45
46
47
48
49
50

51

52

53
54

55
56
57

58
59
60
61

62
63
64
65

66
67
68
69
70
71

72
73

74
75

76
77

Area

Lancaster
Palo Verde
Coachella Valley _.

Gilroy

Hollister

Auburn
Bishop
King City
Chico
Salinas

Oroville •

Clear Lake
Placerv'ille

Santa Ynez
Paso Robles*
San Luis Obispo..
Capistrano*
Oceanside*
El Cajon*
Suisun
.\lturas*

Dixon
Lodi
Barstow
Contra Costa*
Xapa
Pixley

Delta
Santa Cruz
Visalia

Wasco
Bakersfield

Kings County
Tracy
Newman
Stocktont
Los Banost
Mendotat§
SacramentotI
Santa Claratl
East Side Mesa§t
Colusa Countyt§.
Santa Barbaratl-
Coalingatl -

Cuyama Valleyt.

Mercedt
Maderat

Date
of

survey

1922
1922
1923
1923

1923
1923
1924
1924

1925
1925
1926
1927
1926
1927
1928
1928
1929
1929
1929
1930
1932
1931

1932
1932
1933

1933
1935
1934
1935
1934
1935
1936
1937
1938
1938
1939
1939
1940
1941

1941

1942
1942
1943
1943
1943
1949
1950

* Out of print; may be consulted in the principal public libraries,

t Not yet published by United States Department of Agriculture.

! Published by Division of Soils, Univereity of California.
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AREAS SURVEYED

AREAS NOT SURVEYED

COUNTY LINES

SURVEY LINES

FiGi'KK 1. Soil-survey areas in California. The numbers refer to the key in table 1

practical and theoretical—problems now beinp: attacked by a well-trained

body of scientists.

MAPPING AND CLASSIFYING THE SOILS

Prior to 1913, California showed little interest in a systematic inven-

tory of its soil resources. True, Hilgard was anxious for a soil map based

on accurate field surveys ; but no legislative support was granted for this

purpose. Nevertheless, with the aid of a handcar on the railroad tracks

and with horse and buggy Hilgard and his collaborators traveled about

the state and prepared a generalized soil map which is now a document
of historic interest.^

During the past 30 years, at first under the leadership of C. F. Shaw,
soil survey has flourished and cooperation between state and federal

' Perhaps the oldest soil map in the state is that of the San Gabriel Mission, 1857.
It shows three types of land, poor, medium, and excellent.
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agencies has been veiy close. Between 101.3 and 1918 seven reconnaissance

maps were pnblished. covering some 22,000,000 acres. Move than 80,000,-

000 acres, slightly less than one-third of the state's area, have been
snrvej'ed in detail (scale of pnblished maps, 1 inch = 1 mile). The areas

covered by detailed surveys are shown in figure 1 and listed in table 1.

There are about 11,000,000 acres of agricultural and potentially agri-

cultural areas for which detailed surveys are still needed.

Soils Avhich have similar profiles and which have developed from
a particular type of rock material are grouped togetlier as a series. A
series may include two or more soil types dift'ering from one another in

the texture of the surface soil. The Yolo series, for example, embraces
Yolo sandy loam, Yolo loam, Yolo clay loam, and others. The soil type
is the principal unit of mapping and because of its specific character is

usually the unit to which agronomic data are definitely related. Some-
times the type is subdivided into phases according to variations in relief,

drainage, stonine-ss, or other factors that affect the agricultural use.

Whenever new areas are surveyed, new series are frequently dis-

covered. Likewise, resurveying of old areas by improved methods leads

to a splitting of vaguely defined series into several more accurately

defined ones. For example, the Yolo series as mapped in 1915 has since

been subdivided into the Yolo, Sorrento, Salinas, and Laguua series.

In the earlier days of soil surveying, the series were established mainly
on the basis of differentiation of parent material and soil color. Since

1918, nature of subsoil, lime content, reaction (acidity and alkalinity),

drainage, and relief have also been taken into consideration. This refine-

ment of soil classification and survey is reflected in the average areal

extent of a soil series, which tends to become smaller. Progress in soil

differentiation is accompanied, moreover, by more accurate techniques

of mapping. At present, aerial photographs ai-e of much assistance.

The soil map represents a basic inventory that lends itself to a great

variety of interpretations. A surprisingly large number of persons and
agencies use these maps constantly. County assessors welcome every

new map because soil classification serves as a basis for assessment of

rural lands. The Constitution of California makes the definite provision

that all land of like natnre, similarly situated, shall be assessed the same,

whether used or unused. AVith the aid of the soil maps and their modern
interpretation, the defense of proper assessment values before boards

of equalization and court actions has been greatly simplified. In recent

years, federal agencies such as the Agricultural Adjustment Adminis-
tration, the Bureau of Agricultural Economics, and the Soil Conserva-

tion Service have intensified the demand for soil-survey data. Appraisal

divisions connected with the Farm Credit Administration and with

private banks and mortgage and insurance companies recpiire personnel

thoroughly familiar with the interpretation of soil maps. And of course

the farm advisor and the seeker after land benefit from detailed and
accurate soil surveys.

In figures 2 and 3 a total of 300 soil series have been grouped into

18 broad soil associations to show the general location of the more

important California soils. The soils of the uplands and mountains are

approximately equal in area to the alluvial soils that occupy most of

the valleys and plains. Owing to their agricultural importance, the
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Upland Soil Associations
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Soil-rating chart

(Storie Soil Index rating = factor A X factor B X factor C X factor X)

Factor A
Rating on character of physical profile

Factor B
Rating on basis of surface texture

Per cent

I. Soils on recent alluvial fans, flood

plains, or other secondary deposits

liaving undeveloped profiles 100

X—Sliallow phases (on coasohdated
material). 2 feet deep 50- 60

X—Shallow phases (on consolidated

material), 3 feet deep 70
g—Extremely eravelly subsoils 80- 95
8—Stratified clay subsoils. _ 80- 05

II. Soils on young alluvial fans. Hood
plain-s, or otiier secondary deposits

having slightly developed profiles 95-100

X—Shallow phases (on consolidated

material), 2 feet deep 50- 60
X—Shallow phases (on consolidated

material), 3 feet deep 70
g—Extremely gravelly subsoils 80- 95
8—Stratified elaj' subsoils 80- 95

HI. Soils on older alluvial fans, alluvial

plains, or terraces having moderately
developed profiles (moderately dense
subsoils) - - 80- 95
X—Shallow phases (on consolidated

material), 2 feet deep. . 40- 60
X—Shallow phases (on consolidated

material), 3 feet deep 60- 70
g—Extremely gravelly subsoils. 60- 90

I\'. Soils on older plains or terraces having

strongly developed profiles (dense

clay subsoils) 40- 80

V. Soils on older plains or terraces having
hardpan subsoil layers

at less than 1 foot. 5-20
at 1 to 2 feet 20- 30
at 2 to 3 feet -. 30- 40
at 3 to 4 feet 40- .50

at 4 to 6 feet-.- 50- 80

\'I. Soils on older terraces and upland
areas having dense clay subsoils rest-

ing on moderately consolidated or

consolidated material 40- 80

VII. Soils on upland areas underlain by
hard igneous bedrock

at less than 1 foot 10- 30
at 1 to 2 feet - 30- 50

at 2 to 3 feet 50- 70

at 3 to 4 feet-- 70- 80
at 4 to 6 feet 80-100

at more than 6 feet 100

VIII. Soils on upland areas underlain by
consolidated sedimentary rocks

at less than 1 foot 10- 30
at 1 to 2 feet 30- 50

at 2 to 3 feet 50- 70

at 3 to 4 feet 70- 80
at 4 to 6 feet 80-100

at more than 6 feet 100

IX. Soils on upland areas underlain by
softly consolidated material

at less than 1 foot 20- 40
at 1 to 2 feet 40- 60

at 2 to 3 feet 60- 80
at 3 to 4 feet 80- 90

at 4 to 6 feet 90-100

at more than 6 feet 100

Per cent

Medium-textured:
Very fine sandy loam 100

Fine sandy loam - 100
Loam - 100
Silt loam - 100
Sandy loam . 95
Loamy fine sand 90
Silty clay loam 90
Clay loam.- 85

Heavy-textured

:

SUtyclay 60- 70
Clay .50- tiO

I^ight- or coarse-textured:

Coarse sandy loam . . . 70- 90
Loamy sand . 80
Very fine sand 80
Fine sand 65
Sand- 60
Coarse sand 30- 60

Gravelly:

Gravelly fine sandy loam 70- 80
Gravelly loam 60- 80
Gravelly silt loam 60-80
Gravelly sandy loam 50- 70
Gravelly (lay loam 60- 80
Gravelly clay 40- 70
Gravelly sand 20- 30

Stony

:

Stony fine sandy loam 70- 80
Stony loam 60- 80
Stony silt loam 60-80
Stony sandy loam 50- 70
Stony clay loam 50- 80
Stony clay - 40- 70
Stony sand 10- 40

2—34354
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^oil-rafiii() chart—Confin ued
(Storie Soil Index rating = factor A X factor B X factor C X factor X)

Factor C
Rating on basis of slope

Factor X
Rating of conditions other than those in factors

A, B, C

Per cent

A—Nearly level (0 to 2 per cent) 100

AA—Gently undulating (0 to 2 per cent)_ 95-100

B—Gently sloping (3 to 8 per cent) 95-100

BB—Undulating (3 to 8 per cent) 85-100

C—-Moderately sloping (9 to 15 per cent) 80- 95

CO—Rolling (9 to 15 per cent) 80- 95

D—Strongly sloping (10 to 30 per cent). - 70- 80

DD—Hilly (10 to 30 per cent) 70-80

K—Steep (30 to 45 per cent) 30- 50

F—Very steep (45 per cent and more) 5- 30

Per cent

Drainage

:

Well-drained 100
Fairly well-drained 80-90
Moderately waterlogged . 40- 80
Badly waterlogged 10- 40
Subject to overflow

'

variable

.\lkali:

Alkali-free 100
Slightly afTected 60- 95
Moderately affected 30-60
Moderately to strongly affected 15- 30
Strongly affected 5- 15

Nutrient (fertility) level:

High 100
Fair 95-100
Poor 80- 95
Very poor 60- 80

Acidity: according to degree 80- 95

Erosion

:

•

None to slight 100
Detrimental deposition 75-95
Moderate sheet erosion 80- 95
Occasional shallow gullies 70- 90
Moderate sheet erosion with shallow

gullies 60- 80
Deep gullies 10- 70
Moderate sheet erosion with deep

gullies 10- 00
Se\ere sheet erosion 50- 80
Severe sheet erosion with shallow

gullies 40- 50
Severe sheet erosion with deep gidlies- 10- 40
Very severe erosion 10-40
Moderate wind erosion 80- 95
Severe wind erosion 30- 80

Microrelief

:

Smooth 100

Channels 60- 95
Hogwallows 60- 95
Low hummocks 80- 95
High hummocks 20- 60
Dunes 10- 40

The condensed chart of rating criteria shows the values assigned

to the various soil features considered in the determination of the index.

The method of computation may be made clear by tracing the various

steps for a specific soil type. Holland stony loam, for example, has an
average depth of ;j feet and is derived from granitic parent material.

A considerable number of stones occur throughout the soil mass, and the

surface is somewhat gullied. According to the soil-rating chart, the rat-

ings for this soil are as follow's

:

Factor A: profile group VII (depth 3 feet) 70 per cent

Factor B: stony loam 70 per cent
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Factor C: roll inp topography 00 per cont

Factor X : occasional shallow Kullies 80 per cent

Index rating : 70 per cent X 70 per cent X 90 per cent X 80 per cent = 35 per cent.

Although still somewhat arbitrary and subjective, the index nevertheless

represents a convenient and valuable expression of the quality of Cali-

fornia soils as judged by surveyors of wide experience, on the basis of

hundreds of tliousands of field examinations.

On the basis of index ratings, the soils of California have been clas-

sified into six grades, as follows

:

(Irinlf 1, index nitiiifj S(l to 100: fxccljcnt si(il>, alu'vc :i\i'r;iy:t' in all rt'spt'cis ; snitnMc
for a wide ranjrp of cr«)i)s.

Grade 2, index rating 60 to 70: good soils, usually sultaMc fur most crnps of the

region.

Grade 3, index rating 40 to 50 : fair soils, suitahle for many crops, hvit limitt'd in thoir

use hecanse of certain undesirable features (hardjian, drainage, etc.).

Grade 4, index rating 20 to 30 : poor soils, suitahlo for a few crops only.

Grade 5, index rating 10 to 10 : very poor soils, extremely limited use, except for poor
pastures.

Grade G, index rating less than 10: non-agricultural areas, such as rough mountjiinous
land, scabland, riverwash, and tidal marsh.

In figure 4 is shown the percentage distribution of excellent (grade

1), good (grade 2), fair (grade 3), and poor (grades 4 to 6) soils in those

7
t̂o

6
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areas in ("alifoniia for wliicli detailed soil surveys are available. As may
be seen, in some areas of tlie state excellent and good soils predominate,

whereas in others interior soils make up tlie largest proportion. The fol-

lowing acreages for all areas surveyed have been computed

:

(Jradc 1, e.xoellent soils 3,4"»7,G1.3 acres

(Jrade 2, good soils 3,194,7G(J acres

Grade 3. fair soils 5.ino.;ir,0 :,(res

Orades 4 to G, poor soils 12,0Or..StM) acres

Figure 5 shows the exact location of the most valuable soils in the

state. The soils of superior quality tend to be found in the valleys.

It is often difficult for the layman to grasp the full significance of

the soil inventory that is contained in the soil-survey reports and maps.

In rtvent years natural land divisions have provided a simple key to

SOIL GRADES

EXCELLENT SOILS

(GRADE I)

POOR SOILS
(GRADES 4-6)

Figure 4. Distribution of soil grades in soil-survey areas. The relative area in each
survey is indicated by the size of the circle in relation to the scale in the legend (which is

not in true proportion to the area of the state as a whole). The numbers in the circles

refer to the key of the soil surveys given in table 1
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the interpretation of soil-survey knowledge. They are arrangements of

soils according to topography, slope, texture, profile development, drain-

age, alkali content, erosion, nutrient level, and micro-relief. The first

four properties are permanent factors, the other five more or less change-

able by man. All soils that are similar in these particulars constitute

a natural land division and are designated by a symbol consisting of

letters and numbers. The scheme of symbols is too complex to be pre-

sented here in detail. It may suffice to give a few specific illustrations

and, at the same time, point out the relations to crop production. The
Lodi area (fig. 6) is chosen for this comparison.

Lmid Divisions Ai—A4 (Orchards, Orapes). The letter A indicates

alluvial fans or flood plains with smooth topography. The subscripts

denote textural characteristics of the surface and subsoils. Thus, A 1 is a

medium-textured soil (loam) having a deep permeable subsoil. A 4 is a

fine-textured soil (clay) having a moderately dense subsoil. A 2 and A;{

SOIL GRADES

GRADES I AND 2

(EXCELLENT AND GOOD SOILS)

GRADES 3-6

NOT -SURVEYED

Figure 5. Location of excellent and good soils in California
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have intermediate textures. ^lost A soils are excellent or prood (index

60 to 100 ). Ill the l.odi area, as well as throu<::h the interior valleys, these

soils are characterized by a preponderance of exacting and deep-rooted

crops such as walnuts, peaches, cherries, plums, table *rrapes, and juice

grapes. As seen from figure 6, a considerable ai-ea of orchards and grapes

extends northward into another group of soils that is less productive.

Here the yields are much lower than in A-type land.

Land Division Bx—7p (Truck Crops and Corn). The letter B
denotes smooth basin lands, and the subscript indicates medium texture.

The symbol Ip expresses ]H>or drainairo coiiditions. These soils have an

index rating of 60 to 80. As indicated in figure 6, asparagus, potatoes,

sugar beets, ami corn are grown almost exclusively on this group of soils.

In general, the area of this natural land division Bi—Ip coincides with

the distribution of irrigated truck and field crops.

Land Division d, Dy, Ei (Dry Pasture). The letter C represents

lower terrace laud, which is generally smooth and normally occurs along

the edge of valleys ; D represents terrace land, smooth to rolling ; E repre-

sents upland, which is in general hilly, or rolling to steep. The rating of

the soils of these land divisions varies with texture, nature of the sub-

soil (hardpans, claypans), slope, stone content, and erosion. As a rule,

dry pastures of good grass quality characterize these areas. The C group

also includes sizable areas of non-irrigated grain and hay.

Land Division M (Moist Pastures) . The area labeled "M " contains

a moderate amount of alkali. Moist pastures with alkali-tolerant grasses

are the predominating crop.

Each land division consists of numerous soil types, which determine

the local practices of soil management. Thus, without sacrificing the

intrinsic values contained in the detailed soil surveys, the reclassification

of the individual soil types into natural land divisions greatly facilitates

the broader agricultural analysis of the intricate soil pattern of a given

region.
SOME WHY'S AND WHAT'S OF CALIFORNIA SOILS

The scientist wants to know why California soils are as they are.

In contrast to the practical agricultural schemes of soil classification, the

scientific systems represent arrangements of soils according to their origin

and mode of formation. This sort of study throws light on soil genesis

and permits a world-wide comparison of soils.

For many decades the soils of California seemingly did not fit into

the prevailing scientific systems of soil classification. As late as 1935,

Marbut in his Soils of the United States was unable to delineate in Cali-

fornia representatives of the great climatic soil groups of the world. But
the gap is now being bridged. Advancements in the viewpoints on soil-

forming ])rocesses and soil classification, and a reemphasis on the labora-

tory studies of California soils by the University, promise a rejuvenation

of the classical period of Ililgard. It has been tentatively established that

many representatives of the major zonal and intrazonal soils of the world,

such as prairie soils, podzols, chernozems, arid brown soils, lateritie soils,

rendzinas, solonetz, solonchak, and gray-brown podzolic soils, occur in

California. There are strong indications that a fresh attack on problems

of soil formation in the state will contribute greatly to the advancement
of a truly scientific classification of soils.
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Perhaps the most important contribution of the scientific study of
soils is the dynamic interpretation of the soil pro^le. Instead of consider-
ing soils as a mere mass of inorganic and organic material, soil scientists
emphasize certain elements of organization that are found in every soil.

In their natural state, soils exhibit characteristic strata, or horizons,

Orchards, Grapes

Asparagus, Pototoes, Corn, Sugar Beets

B,-lp

Posture

C.D.E.M

Figure 6. Relations between natural land divisions and distribution of crop* In the
Lodi area. Each dot represents 100 acres
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|)()sition, and their synthesis of oriraiiie siihstaiices. the soil would not

be tlio dflieately halaneed dynamie system that it is, hut an inert pile (>['

weatlieri'd roi'k debris.

The dynamie relations of a soil are cojiditioiii'd inaiidy by climate,

orijanisms { ve^'etation i. topoM^raphy, parent material, and time. In Cali-

fornia, becausi- of the sharp coiiti'asts in climate and vej,fetatioii and
because ol' the complexity of i,'coloi,ric I'oniial ions. uiii(|Uc oppoi't unities

arc (iU'ered foi- evaluatiu'.,' tlie role of soil-formiuM: factors. Altliouirh

detailinl invest itrat iotis are still lackinir. certain broad features (dearly

stand out. Thus, Ilib^aril and later K. H. Lou^diridLT"' showed that the

averau'i' humus content of surface soils was lowest in the desert plains

(I)..")! j)er cent) and. with the exception of tules and meailows. hi<.^hest

in the Coast Kanire valleys (l.GD por cent ). The San doaipiin \'alley ((1.71'

l)er cent 1 and the Saci-amento \'alley (1.14 ])er cent) had intermediate

values. Louirlirid'^e attributed tlie liiirh humus content of the Coa.st

l\an;^'e valleys to the <rreater humidity of that refri<»n and a denser ve<reta-

tion. Shaw also noted that in California tlie soils of the desert areas are

distinctly liirliter in color and lower in amount of or;j:anie matter than
tli(»se of the more humid areas.

uol Roinfal

20- 100"

Figure T. .\cid, neutral, and ba.'Jic .soil.s

in California
I'icrai; S. Simplifltd niai) of preciiiita-

tion in California

3— :'.j;{j4
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An illustration of the dependence of soil features - on climate is

supplied by a study of soil acidity and soil alkalinity. In California, soil

reaction varies within wide limits. Podzol-like soils along- the Mendocino
Coast are extremely acid (pH 4.3), whereas some of the alkali soils of

the San Joaquin Valley and the desert regions are strongly alkaline

(pH above 10). Most agricultural soils of the state have nearly neutral
reaction (pll 6.8 to 7.2). Comparison of the soil-reaction map (fig. 7)
and the precipitation map (fig. 8) shows that acid soils predominate in

regions having high precipitation, and basic soils in regions having low
precipitation. The degrees of acidity or alkalinity are influenced also by
the parent material, the topographic features, and the age of the soil.

The dependency on parent material is particularly evident in regions of

intermediate rainfall, where calcareous rocks tend to produce soils having
alkaline or neutral reaction, while standstones low in bases give rise to

neutral and acid soils.

The distribution of lime in the soil (fig. 9) also reflects in part the

direct and indirect influences of climate. The extensive black areas which
denote soils having lime (calcium and some magnesium carbonate) in

all parts of the profile are mostly in regions of low rainfall. The converse

relation, however, does not necessarily hold. That is, some soils, especially

those derived from rocks low in calcium content, may have no free lime,

even under conditions of low rainfall. In regions of intermediate rainfall,

most of the soils are free from lime in the surface but have some in the

subsoil. In regions of high rainfall, mature soils contain little or none.

The nature of soil reaction and the presence or absence of lime in

the soil have a direct bearing on soil-management practices. These more
utilitarian aspects will be considered in the section on fertilizers and
nutrition of plants.

In the older and more mature soils of California the existence of

pronounced B horizons, or subsoils, is very common. Soil surveyors dis-

tinguish between clayplans, iron hardpans, and lime hardpans. The
claypans are characterized by horizons of high clay concentrations, from
5 to 20 inches in thickness, that hamper water penetration and root

development. Such soils are restricted to the growth of grasses, grains,

and shallow-rooted field crops. Orchards do not make satisfactory growth
on them.

In Santa Cruz County, apple production on old soils having dense
clay subsoils was about 140 boxes per acre per year (1934-1936) ; on
soils having moderately dense subsoils it was about 380 boxes; and on
deep, friable, alluvial soils, nearly 1,000 boxes.

As may be noted from figure 10, claypan soils are widely scattered

over the state. Striking examples are found on marine terraces through-
out the Coast Range and in the Great Valley. In 1949, 60 soil series

were known to have claypans.

Iron hardpans and lime hardpans are horizons in which the sand
and silt grains are cemented together with iron hydroxide and silica gels

or with lime. These strata, which may approach the liardness of concrete

pavement, vary in thickness from a few inches to more than a foot.

Paradoxically, many productive citrus, fig, and olive orchards are found
on some of the iron-hardpan soils. Their growth is facilitated by holes

blasted through the hardpan before the trees were planted. The agri-

cultural value of hardpan land is in direct proportion to the depth of

2 A detailed soil reaction map in colors is contained in California Agr. Exper. Sta.
Bull. 712, 1949.
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LIME IN SURFACE SOIL

AND IN SUBSOIL

LIME IN SU8S0L0NLY

I I

NO LIME

NOT SURVEYED

Figure 9. Distribution of lime (calcium carbonate) in California soils

the soil above the hardpan (see soil-rating chart, soil-profile group IV).
For example, in certain parts of Fresno County, hardpan occurs at a

depth of 10 feet or more and, accordingly, the soil rating is relatively

high. According to figure 10, the iron and lime hardpans occur most
abundantly on the ea.stern part of the Sacramento and San Joaquin
valleys, where they occupy the elevated ridges and the mesas of old

alluvial fans. The hardpan soils comprise tviTuty-four soil series.

One of the important characteristics of a soil is its texture. With
the aid of mechanical analysis the mineral portion of the soil may be
separated into particles of various sizes, ranging from sand grains (0.1-

1.0 millimeter in diameter) to clay particles (less than 0.005 millimeter
in diameter). The finest fraction of the clays is known as colloidal clay.

The various proportions of tlie mineral ])articles delermine the texture

of the soil. According to the preponderance of a specific particle group,

soil scientists distinguish between sands, silts (medium-sized particles),
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and clays. Loams contain 30 to 50 per cent sand, 30 to 50 per cent silt,

and less than 20 per cent clay.

Owing to tlie important effect of texture on many physical and
chemical features of the soil, such as the storage capacity for water,

permeability, tilth, and nutrient content, two maps have been prepared

that permit a survey of the textural variations of California soils. Figure

11 gives tlu' ]n-()purtions of sandy soils, loams, clay loams, and clay

soils in specific soil-survey areas. This grouping comprises the following

detained texture chissifications

:

S;iii(l.s : sands, tino sands, and loamy sands

Loams: sandy luams, fine sandy loams, silt loams, and loams

Clay loams : silty clay loams and clay loams
Clays : silty clays, clays, and adobe clays

In some survey areas sands are the most abundant; in others the

clays predominate. In preparing figure 12 an attempt w^as made to bring

out the dependence of texture on physiographic features. Naturally,

IRON, AND LIME

HA.RDPAN SOILS

CLAYPAN SOILS

NOT SURVEYED

FiGuiiK 10. Occurrence of characteristic B horizons (subsoils) in California soils
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E LOAMS

CLAY
LOAMS

SCALE

2.000.000 ACRES

FiGUisK 11. Proportions of sands, loams, clay loams, and clays in soil-survey areas

in order to focus attention on the broader aspects, many local conditions

had to be omitted and, outside of detailed survey areas, estimations

had to be made.
According: to fi<iure VI, tliree major texture provinces may be dif-

ferentiated in the state. First is the region of coarse-textured soils

(sandy loams) which comprises the Sierra, the deserts, and the major

part of the state south of Los Aiijroles. These soils are derived, to a

large extent, from acid igneous rocks. The relatively low clay content

may be attributed partly to climate; for, as is shown elsewhere, low

rainfall accompanied by high temperature, as in California deserts,

tends to retard clay formation. A similar retardation of weathering seems

to be produced by the combination of high rainfall and low temperature

that is typical of the Sierra. The second texture province, consisting of

clay loams, embraces much of the Coast Range and a large part of the

northeastern mountain area. In the Coast Range the fine texture is prob-

ably due to the prevalence of shales and sandstones rich in clay. In Modoc,
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is^:g Sandy Loams

Loams

Clay Loams
(Some Cloy)

Variable

•Valley Floor

Figure 12. Generalized distribution of soil textures

Lassen, and Shasta Counties, basic igneous rocks are widely distributed.

These weather readily and, in general, produce much clay. The third

texture province may be assigned to the Great Valle}-, which abounds in

variability and complexity of textures, yet in some degree reflects the

textures of the soils of the surrounding higher elevations. While a broad
strip along the eastern part of the Valley is occupied by loam, the trough
is rich in clay. These fine-textured alluvial soils are the result of trans-

portation and slow sedimentation of soil debris from the mountains.

SOLVING THE MYSTERY OF CLAYS

A few years ago California scientists examined soil clays with the

aid of X-rays and discovered that, contrary to prevailing teaching, clays

are definitely ciystalline. Crystallinity implies that the atoms within

a clay particle are not distributed at random, but are oriented according

to a definite plan or pattern. The discovery of the crystallinity of clay,

made independently and simultaneously in other parts of the world,

stimulated intensive research, Avhich greatly clarified the nature and
behavior of colloidal clay particles. According to most recent informa-

tion, the groups of clay minerals that occur abundantly in California

soils are montmorillonitic clays, illite, and kaolinitic clays.

^Montmorillonitic clays have expanding lattices and exhibit pro-

nounced swelling and shrinking. They have a base-exchange capacity

of about 100 milliequivalents per 100 grams of clay. A high proportion
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of tlieso clays is found in tlie Ducor, Fiirwcll, llerdlyn, Holtville,

imperial, Maxwell, Porterville, Hiiieon, Saeramento, Sorrento, Stockton,

and Yolo soil series. The characteristic adobe structure of many Cali-

fornia soils is caused by the clay of this type.

The crystal lattice of illite is related to that of montmorillonite, on

the one hand, and to those of the connnon niiea minerals, on the other.

It does not swell and has a considerably lower base-exchange capacity

than montmorillonite. It seems to dominate in the Antioch, Canby,
Fresno, Ilaiiford, Iluorhuoro, Placontia, Ramona, Kosamond, San
Joaquin, and AVaukena soil series. The strong' fixation of potassium

fertilizers which occurs in some of these soils may be conditioned in part

by illite, but this has not yet been proved.

Kaolinitic clays are found in a large number of soils. They do not

swell in water and their base-exchange capacity is even low^er than that

of illite, usually less than 25 milliequivalents per 100 grams of clay. They
may fix large amounts of phosphates. Kaolinite and its relatives were
found in representatives of the Aiken, Corning, Fallbrook, Holland,
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Figure IS. Models of clay crystals showing arrangement of atoms

Keefers, Madera, Redding, Sierra, and Siskiyou soil series, and in some
degree in the Sacramento and the San Joaquin series.

The impact of these new concepts on agricultural soil research is

bound to be far-reaching. Crystal chemistry of clays has opened new
roads toward a successful solution of many age-old problems in soil

chemistry and soil physics. Substantial gains in the knowledge of

colloidal behavior have resulted from the use of such modern tools of

science as the ultramicroscope, the polarizing microscope, the electron
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microscope, X-ray equipment, and radioactive indicators. Many non-
agricultural uses of cla3''S, as in pottery and ceramics, in oil drilling, in

constructing the foundations of buildings, and in making highways, have
been placed on a more secure basis by these investigations.

A number of significant characteristics of the soil that influence its

pi-oductivity are conditioned by the architectural arrangement of the soil

particles, which is commonly designated soil structure. The arrangement
and orientation of the clay particles in the soil can be altered within wide
limits through methods of soil management, and such alterations are of

consequence to agriculture.

=**-*="- '^^iP
Figure 14. Schematic arrangement of a dispersed soil (left) and a flocculated

soil (right), after drying

In structure, soils may be either dispersed or flocculated. The nature

of the two structures is shown diagrammatically, according to present

knowledge, in figure 14. The little rectangles rep-resent side views of the

clay particles, which are known to possess the properties of thin platelets.

In a dispersed soil, Avhen dried, these platelets appear to be arranged in

a very orderly fashion. Every particle is snugly surrounded by other

particles, and consequently the spaces betAveen the particles are small

and the intercommunicating channels are exceedingly narrow. Water and
air permeate such a soil very slowly. In the sun, it bakes to a condition of

extreme hardness. Plant growth is adversely affected.

In contrast, a flocculated soil has an open, loosely packed structure.

Although the minute clay plates ma^- show orientation within small clay

clusters, or aggregates, the essential feature is the open network of the

aggregates. This architectural pattern favors relatively large intercom-

municating channels and permits easy circulation of water and air. Such
soils are said to have a good structure ; in fact, this open-packed crumb
structure is an essential characteristic of a productive soil.

Excessive cultivation and certain degrees of alkalization tend to

produce dispersed (puddled) soils, while incorporations of organic

matter and sometimes of such salts as gypsum and lime tend to maintain

soils in a flocculated state. In a laboratory experiment, before drying,

the entire contents of a pan of clay soil was a muddy mass. During
drying, the dispersed clay particles arranged themselves in close pack-

ing, and, in consequence, dense, hard clods developed, separated by
large cracks. This arrangement is known as adobe structure. Ground
alfalfa Avas incorporated and the moist mixture was left undisturbed

for four months, during which time active decomposition took place.

Then the soil was dried, and an open, friable crumb structure resulted.

Kewetting of adobe soils produces swelling and results in the forma-
tion of an impervious plastic mud. Rewetting a flocculated soil does not

change significantly the favorable crumb structure.
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FIGHTING SOIL ALKALI

Tile I iiiversity of Califoniia in 1.^74 callt'tl Professor Jlilj^ard to

lead the ajrrieiiltural work of the yomi^ iiistitutioih Here was a man
with visi(^»n wh<» possessed a iirofomid knowh'dj^'c of llie fiiudainental

sciences of chemistry, geohjgy, and l)(>1aiiy. and who was i^iitliusiastic

and eajrer to apply this knowled^n- in tlie service of af^'rit-ulture. IIil<,'ard

is recogiiizeil throu^diout tiie civilized woi-ld as one of the founders of

soil science. In California his name is inextricably associatetl with the

problem of alkali soils, since he laid the foundation for much of what
is known today about their nature, ori^nn, and reclamation.

In California more than 4, "jOO, ()()() acres of alkali soils have been
luapped in detail. They consist of about l,;}."^;?, ()()() acres of stron«^ alkali

and about 3,125,000 acres of moderate and slight alkali. The determina-
tion of the alkali content of soils is based on conductivity measurements,
and the results are exjiressed in terms of air-dry soil as follows :

Alk;ili-fr<'o : les.s than O.Jd per ccul alkali

Slight alkali : o.i.'(i-0.3'J pi-r cent alkali

.M.MJcrat.' alkali : 0.4(»-0.!H) per cent alkali

Stiou}; alkali: l.(X) or more i)i'r cent alkali

Multiplication of tiiese figures by 10,000 converts the percentage values
into parts per million (p.p.m.), a mode of expression frequently used
in agricultural literature. The alkali usually consists of combinations
of the following:

Sodium (Na+) .\itratf (XOs-)
Potassium (K+) r.icarliuiiate (IirO-j-)

Maguesiuin (Mg<t) Carbonate (CU;) )

Calcium (Ca++) Sulfate (SOi=)
Chloride (C1-)

These combine to form a arious salts, such as sodium bicarbonate, calcium
chloride, and magnesium sulfate.

It is not yet possible to predict accurately the effect of the amount
and the composition of the salts on plant growth. JNIany years ago,
Ililgard stated that the upper limit of plant tolerance for alkali salts

varies somewhat as follows :

Sodium carbonate : 0.10-0.25 piv ci iit

Sodium fliloride : 0. '_'(»-< I. ."lO jicr cent
Soilium sulfalc : ().."»(l-1.0U per cent

Experience, however, has shown that much smaller amounts may be
very injurious to some plants, and larger amounts may cause little

trouble to others. Greenhouse experiments further indicate that there
are no specific critical salt concentrations. Kather, there is a gradual
decrease in growth as the salt concentration becomes higher. ]\Iuch
depends on the location of the alkali in liie soil, whether mostly near
the top or uniformly distributed through the zone of plant roots. The
general fertility level also is of importance. It has been asserted that
a liberal use of barnyard manure may permit production (»f a good crop
on soil containing so much salt that without the fertilizer little could
be grown. Yet this observation cannot be generalized. The moisture
content of the soil is another significant factor. As the soil dries out,
through transpiration and evaporation of water, salt becomes more
concentrated in the remaining solution and alkali injury ensues. Climate
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is still anotliev factor. A ^ivpn salt fonooiitratioii is more liarniful in tlio

hot and dry portions of tlio central valley than in the cool and humid

areas of the coast. Last but not least, the kind of phmt itself has to be

taken into consideration. Sugar beets, Bermuda grass, rice, and cotton

are much more tolerant than citrus, walnuts, beans, and melons. To

obtain accurate information about relations of alkali and plants, the

University and the United States Bureau of Plant Industry, Soils, and

Agricultural Engineering are conducting numerous and accurately con-

trolled experiments with plants grown in nutrient solutions and in

alkali soils.

In 1924 and succeeding years, boron injury was discovered in the

state. Since then, much attention has been directed to the boron con-

tent of soils and irrigation waters. Small amounts of boron appear

to be necessarv for the satisfactory growth of most plants, but toxic

ALKALI

ALKALI- FREE

NOT SURVEYED

VALLEY FLOOR

FiauKE 15. Distribution of soils containing alkali
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concentrations are readily reached. In soil solntions, concentrations of

boron that are insufficient to support normal plant growth are usually

below 0.1 to 0.5 p.p.m. If the boron content of irrigation water is in

excess of 1.0 p.p.m. (0.0001 per cent), injury to sensitive plants, such

as the lemon, grapefruit, avocado, orange, and apricot, may bo expeeted.

The distribution of alkali soils is shown in figure 15. In interpreting

this map several limitations must be kept in mind. First, the black areas

include all kinds and all degrees of alkali. The most extensive areas

(more than 50.000 acres) of strong alkali occur in the Alturas, Kings,

Bakersfield. Wasco, Los Banos, Merced, and Brawley soil-survey areas.

The map does not distinguish between white-alkali and black-alkali

soils. The former contain an excess of neutral salts, usually chlorides and

sulfates. The latter contain injurious amounts of soluble carbonates, with

or without chlorides or sulfates. Second, the distribution of alkali is

often very spotty. Variations ranging from no alkali or slight alkali

to strong alkali may occur within a few square rods. Third, the presence

of some alkali in the soil by no means excludes agricultural use of the

land. As a matter of fact, comparison of the alkali map with the soil-

rating map (fig. 5) shows that some of the alkali soils even qualify as

excellent or good soils (compare also the soil-rating chart, factor C).

In spite of these limitations, the alkali map has intrinsic value because

the presence of alkali, even in small amounts, necessitates more careful

soil-management practices.

The formation of alkali soils is usually conditioned by dry climates

and high water tables. The ground water of arid regions, in contrast

to that of humid regions, is commonly rich in dissolved salts. If the

ground-water table is near the surface, say within 5 or 10 feet, water

tends to rise by capillarity and to evaporate, leaving the dissolved

salts in the soil. In other words, the soil acts like a wick. Owing to the

high rate of evaporation and the low precipitation in arid regions, large

amounts of soluble salts may thus accumulate in the upper part of

the soil.

Occurrence of a high ground-water table depends on a number of

factors, geologic as well as man-induced. For example, there are thou-

sands of acres of farm land in California which were formerly highly

productive, covered with valuable orchards and vineyards, but which

later became severely injured by alkali brought up by capillarity from

a high water table that developed as a result of seepage from canals

and excessive irrigation. This destructive phenomenon is equally well

known in other irrigation regions of the world and is popularly known
as the rise of the alkali.

^=^
Ca*"- ZHa* COs'^ Z A/a.* CaCOs

on day so/ub/e on cfay inso/ubfe

particle partic/e

Figure Ifi. Schematic illustration of base-exchange reaction (size

of ions in correct proportions)
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«» *•

^^-

RRIGATED CROPLANDS

AND PASTURES

NON IRRIGATED CROPLANDS

Q GRASS, BRUSH, FOREST

AND DESERT

Figure 17. Disfriluitiuii of irrigated croplands and pastures

Conthuiod applicaliou of saline irrigation Avater, also, may cause
serions injury to the soil if the salts in the water contain a high
proportion of sodium compounds, i)articularh^ sodium carbonate or

bicarbonate.

It Avas I'oi-merly belicA-ed that the ill effects of alkali soils were
entirely attributable to the toxic effects produced b}^ high salt concen-
trations. NoAV, we knoAv that the salinization of a soil initiates a great
number of chemical and physical changes that indirectly affect its pro-
ductive poAver.

Sodium salts may react chemically with the clay and humus colloids

of the soil, the interreaction being known as a "base exchange" or
"exchange adsorption." If sodium carbonate is added to a soil contain-
ing exchangeable calcium, the sodium ions displace the calcium ions from
the surface of the clay particles and stick there even after removal of
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free salt'<. Tlio trnnsfoniiation from a calcium to a sod'miii day is aocom-

panit'd 1)\ very inoiioimccd cliangos in tlie physical make-up of tlio

soil. Sddiuni clays tend to lie dispersed and, as in other dispersed soils,

the clay particles, u|)un dryinjr, may arranj^e themselves in a closely

packed mass that is destructive to the productivity of the soil. The

pore space of the .soil may he so much reduced that Avater percolation

is nil and plant frroAvth becomes adversely aifected. This chan<,'e in soil

structure, which has been overlooked in the past, supplies the key to

an.\- successful reclamation.

Assuming: a causal connection between the decline of ancient irri-

<:ation civilizations and the rise of alkali, some authorities have advanced

the ojjiniou that the permanence of irrifrated a.irriculture is doubtful.

There is jrood rea.son for believing, however, that with the aid of the

present knowledge of alkali .soils, together with anticipated future

scientific developments in the fields of soil chemistry, soil physics, and

plant nutrition, crop production on irrigated soils can be maintained for

fully as long a time as on the non-irrigated soils in humiil climates

Already, distinct successes have been achieved in solving the prob-

lem of reclamation of alkali soils having relatively coarse textures. In

this undertaking two basic tasks must be kept in mind : first, removal

of excess salt; and second, maintenance of a good soil structure. The
first step to be taken is the establishment of good drainage conditions.

The importance of favorable drainage conditions can scarcely be over-

emphasized, for water is the only agent by which soluble salts can be

removed from the soil in a practical way.

The second step with black-alkali soils is the conversion of sodium
clay to calcium clay. This may be accomplished or aided by adding to

the soil such chemicals as gypsum, sulfur, iron sulfate, and alum.

Extensive investigations at Fresno have demonstrated that, among the

materials just mentioned, sulfur (1,000 pounds per acre) was the most
economical. ^Marked improvement was obtained by the reclamation of a

black-alkali soil on the Kearney Vineyard experiment field near Fresno

(see plate 2). In 1920, when reclamation was begun, barley, harvested

as hay, yielded only 61G pounds per acre. Addition of gypsum and plow-

ing under of melilotus, accompanied by heavy irrigation to leach out

the salts, subsequently encouraged the growth of alfalfa, which in 1928

yielded nearly 10 tons per acre. The land still produces large yields of

alfalfa. The poor ))hysical condition of the original alkali soil, character-

ized by harsh clods, has disappeared and the soil is now mellow and
granular.

Kecent investigations have, however, indicated that by using soil

permeability as an index, a spacing and depth of drain may be deter-

mined for this area which will not only successfully but economically

control the water table in the medium and light textured soils of this

area. The lowering of the water table must be accompanied by leaching

to remove the excess soils from the surface soils.

Many white-alkali soils contain sufficient amounts of calcium salts

to bring about the formation of calcium clay after leaching. No amelio-

rants need be added to these soils. In certain parts of the Imperial

Valley, large yields of crops have been produced by the simple expedient

of drainage and leaching without applying any chemical treatment

whatever.
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WATER IN SOILS, CALIFORNIA'S PARAMOUNT PROBLEM *

With respect to agricultural production, California's climate has

two unusual characteristics. First, there is a wide range in the total

annual precipitation, varying from almost none to more than 100 inches

;

and second, there exists a very unequal seasonal distribution of rainfall,

characterized by wet winters and dry summers. In tlie zones of high and
medium winter rainfall, enough moisture is usually stored in the soil

to carry crops to June 1, but thereafter water must be supplied by
artificial means. Extensive and costly irrigation systems are the arteries

of California's great agricultural development. Yet, in the last analysis,

the economic feasibility of the entire irrigation enterprise rests on the

producing power of the soils that are irrigated.

California's land area comprises about 100,000,000 acres. The agri-

culturally valuable land may be classified as follows

:

Grazing land t 25,200,000 acres

Crop land, dry-farmed 4,900,000 acres

Crop land, irrigated 3,500,000 acres

Pasture, irrigated 1,200,000 acres

Miscellaneous farm lands 1,500,000 acres

t Grass, woodland grass, and sagebrush in Great Basin area used for grazing.

The total area irrigated amounts to about 5,000,000 acres. Its distribu-

tion is shown in figure 17. In spite of the relatively small acreage of tlie

irrigated land, the economic returns from it constitute a very large

share (83 per cent) of the total received from "agriculture for all pro-

ductive lands of the state : in 1940 the value of all crops was $537,-

000,000, whereas the value of the irrigated crops alone was $-446,000,000.

The proportions of the various types of crops on the irrigated lands

as of 1929 are as follows

:

Crop Acres Crop Acres

Alfalfa 719,600 Cotton 292,700
Small grains and hay 623,100 Subtropical fruit 251,100
Small row crops 562,400 Large grains 118,100
Deciduous fruits 527,400 Rice 80,700
Grapes 413,800 Miscellaneous 900

Irrigation in California was begun at the Franciscan missions and
Spanish pueblos of Los Angeles, San Jose, and Branciforte. It was prac-

ticed to a limited extent on a few of the private ranches during the mis-

sion period and more extensively as American and other "foreign"
settlers acquired farms or ranches in the 'forties and 'fifties. More rapid

expansion of irrigation began in the 'sixties and 'seventies, reaching its

highest rate in the two decades between 1900 and 1920. Even as early as

the 'fifties and 'sixties, in some parts of the state, corporate and com-
munity construction of irrigation works was undertaken. Now, with the

decline in the number and importance of corporate, or "commercial,"
irrigation enterprises, irrigation or other tj^pes of districts, and mutual
water companies, have become the dominant types of irrigation organi-

zations, and private pumping plants the principal means of supplying

* No attempt is made here to deal comprehensively with irrigation in California.
Except for general statements regarding the nature of the state's water problem and
how it is being dealt with, the discussion presented stresses some of the technical phases
of soil, water, and plant relations, and irrigation waters. For further information the
reader is referred to the many university, state, and federal reports and bulletins deal-
ing with the various aspects of this subject.
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water by individual enterprise. In recent years the United States B'n-eaii

of Reclamation has become a material factor in supplying water to Cali-

fornia farmers through its construction of the Ail-American Canal in

the Imperial Valley and the development of the Central Valley Project,

now under way.
California's problem of water supply lies in the distorted relation

between agricultural demand and natural water supply. In figure 18

the state has been divided into seven water-resource basins. The bars and

corresi)onding i)ercentage figures indicate the proportions of the agri-

cultural lands and of the available water resources within each basin.

The discrepancy between supplj' and demand is most important in

the San Joaquin Valley and in the southern California coastal plain.

The general situation with reference to the water resources was pointed

out in a federal repoi't issued as early as 1873, and in reports of the

State Engineer issued in the 'eighties. Thirty years ago, in a report pre-

pared for the State Conservation Commission, cooperating federal, state,

and university workers mapped the irrigable and irrigated lands of

California and summarized the water resources of the state on the basis

of the information then available. This and the previous studies showed a

large surplus of water over needs in the Sacramento Valley and serious

deficiencies in the San Joaquin Valley and in the southern coastal plain.

The extensive investigations of the State Division of Water Resources

and numerous federal agencies during the past twenty years have still

further emphasized this situation. They have also pointed out means for

its alleviation where this appears to be feasible.

Their solution for the San Joaquin Valley is the Central Valley

Project, which aims at preserving the existing agricultural developments

of the southern San Joaquin Valley by diverting the surplus waters of the

Sacramento basin to the deficient areas of the San Joaquin basin. Shasta

Dam, nt)rtli of Redding, enables regulation of the water supply of the

Sacramento River, reduces flood hazards, prevents salt-water encroach-

ment, and permits year-round river navigation. Incidentally, it will

create a vast amount of electric poAver. Water will be carried to near

Lathrop, where a huge pumping plant in combination with extensive

conduits (the Delta-Mendota Canal) will provide water for the northern

San Joaquin Valley lands, now served by the San Joaquin River, and
for additional undeveloped lands on the west side of the valley. This

supply will permit San Joaquin waters to be stored behind Friant Dam
for diversion to the southern part of the vallej'.

In the southern part of the state near the international boundary
line, the All-American Canal carries water from the Colorado River,

which is controlled by P)Oulder Dam, to the Imperial Valley. A branch,

the Coachella Canal, will supply water to the east and west mesas and to

Coachella Valley, north of Salton Sea. The ^Metropolitan "Water District

of Southern California, consisting of Los Angeles and a dozen other

adjacent cities, has built a 400-mile aqueduct from the Colorado River

to Los Angeles. Although the aqueduct does not now serve agricultural

lands, it is potentially a water source for deficient areas in southern Cali-

fornia.

Another problem in meeting irrigation requirements is seasonal

distribution, because, since rainfall is confined mainly to the winter
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Agricultural Lands
and Water Resources

Agricultural Lands

Water Resources

2.6% e -1.2'

I'^iGUKK IS. Distribution of water resource.s and agricultural lands. Black columns,
water resources as percentages of total in state ; barred columns, agricultural lands as
percentages of total in state. (From Division of Water Resources Bulletin 25, 1930.)

niontlis, the streams earry the least Avater -when it is most needed for

irrigation. Storage of water for summer and fall use has thus become
necessary, and this has already been accomplished on many streams,

especially in the southern three-fourths of the state. In northern and
central California, irrigation or water-conservation districts have built

most of the more important irrigation reservoirs ; in the south, Boulder
Dam is the principal olie. Generation of hydroelectric power at many of

these storage reservoirs is helping to reduce the cost to the irrigators.

Still another pressing jiroblem relating to conservation of the water

supplies results from a lowering of the underground waters in many parts

of the state due to increased irrigation pumping. This becomes serious

when the pumping draft is greater than the normal natural replenish-

ment. It has caused most concern in the southern San Joaquin Valley, in

the Santa Clara Valley, and in parts of the southern California coastal

plain ; but it is not confined to those areas. In a few of the coastal sections

it has brought some encroachment of salt water. Overcoming this under-

ground water shortage in the southern San Joaquin Valley is one of the

major ])urposes of the Central Valley Project. In the Santa Clara Valley

the remedial measure undertaken has been to store the excess winter flow

of the principal streams, later allowing it to flow down the stream beds

at such rates as will result in its absorption into the gravels and thus

build u]-* the underground supply. In the southern California coastal
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plain, spreading floodwaters over the poroiis cones which have been

formed where the streams emerge from the mountains to the plains is

extensively practiced. Fortunately, this problem of receding water tables

is not altogether insoluble in the principal irrigated areas. It is merely

an added challenge to communities dependent for their continued pros-

perity on conservation of water supplies, and to governmental agencies

whose assistance is freciuently reipiired to accomplish that conservation.

The earl.v work of the irrigation investigators was concerned with

the immediate ])roblems of how best to distribute and apply water and

the amounts of water needeil lor successful agriculture. Little was

known about the water recpiirements of crops, and there were disputes

throughout tlie states in the arid and semiarid regions over what amounts
of water should be allocated to various localities and to separate farms.

This demand for information about water requirements was met by
studies designed to ascertain the duty of water, that is, the amount
of water jiecessary to irrigate lands under a given set of conditions. This

includes the amount of water necessary to supply the needs of growing

plants—sometimes called consumptive use—^and the unavoidable trans-

mission and evaporation losses. Although these studies provided a very

necessary kind of information, they could not supply the answer to a

host of important soil problems such as the following:

1. What factors det<Mniine the rate of entry of water into soil and the rate of

percolation V

2. What fraction of water applied will stay in the soil and what fraction will

be lost by downward percolation as a result of the pull of gravity?

o. For a j;iven amount of water applied to the soil, how much will be l()st l>y

evaporation and how effective are the known preventive mcasurcsV
4. How available is soil water to plants and liow frequently should l.ind he

irrigated V

In order to a.ssist in ansAvering these ami nuiuy further questicms,

llie university and coopei-ating state and federal agem-ies began, some

thirty years ago, an extensive and detailed series of investigations in

the field of soil and irrigaticm physics and soil-plant relations. These

studies, while still being ])ursue(l, have had a far-reaching influence on

the economic aspects of soil and water management in irrigation agri-

culture.

When applied from above, either by rain or by irrigation, water

enters the soil at rates which depend upon the water content of the

soil, the sizes of the solid particles in tiie soil, and their state of aggre-

gation. In general the water enters more rapidly into coarse than into

fine-textured soils, into aggregated (flocculated) than into dispersed

soils, and into dry than into wet soils. The etl'ect of soil texture is, per-

haps, most striking. Laboratory experiments have .shown that water

may enter a sand (Oakley series) more than two hundred times as fast

as it enters an adobe clay (Altamont series). An appalling illustration

of the economic significance of ])ercolation rates occurred in the .spring

of 1941 : exceptionally heavy downpours of rain cause a temporary

waterlogging in fine-textured soils of some apricot and other fruit

districts, in consequence of which thousands of valuable trees succumbed

within a few days.

If the soil is not uniform, but consists of distinct horizons or strata,

tiie rate of entry of water will be changed. Obviously, if a loamy surface

soil is underlain by a clay subsoil the rate of percolation will be greatly
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reduced as soon as the water front reaches the fine-textured layer. Curi-

ously enougli, if a loamy surface soil is underlain by a coarse-textured

stratum, say a coarse sand, the rate of percolation may also diminish.

For a given soil texture, the architectural arrangement of the par-

ticles—that is, the structure of the soil—greatly atfects water penetra-

tion. As mentioned earlier, flocculated soils have an open structure that
favors percolation and downward movement of water, and dispersed
.soils make for slow movement of water. Although it is not practicable

for the farmer to undertake any extensive modification of soil texture,

he is nevertheless able to exert some control over the structural state of

the soil. This he may do for better or worse.

. An impressive illustration of the influence of soil-management prac-

tices may be seen in figure 19, which shows the relative rates of infiltra-

tion of irrigation water on the experimental plots of an orange orchard
of the Citrus Experiment Station at Riverside. Treatment A consists of

annual applications of one pound of soluble nitrogen per tree. Water
penetration is very unsatisfactory, and at times the irrigation period

must be excessively prolonged. Treatment C includes the same basic

Figure 19. Relative rates of water infiltration on a Ramona sandy loam
as influenced by organic amendments

nitrogen application as treatment A, but in addition the plot is planted

every fall to a cover crop, which is turned under in the spring. The plots

of treatment B also receive one pound of nitrogen per tree, but it is given

in the form of stable manure. These additions of organic matter mark-
edly improve water infiltration. The most satisfactory results are

obtained with treatment D, by which amounts of stable manure corre-

sponding to three pounds of nitrogen i)er tree per year are applied.

Certain mineral ingredients such as gypsum, may at times also improve
the rate of entry of water.
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Excessive cultivati(»ii mny so seriously injure the structure of tlie

soil aud so much reduce the water permeability as to endanger the

economic fecisil)ility of irrigation. In a specially designed experiment,

it could be demonstrated that compacting a wet l\am(,)na sandy loam with

a heavy tractor reduced the relative entry of water from 100 per cent to

7 per cent. Likewise, even on dry Kamona sandy loam, excessive use of the

tractor and prolonged disking caused relative i-eductious of water infil-

tration from 100 per cent to .'i") per cent and to 3G per cent, respectively.

Fortunately, great improvement in water penetration on these deteri-

orated soils could be obtained by eliminating all cultivation for a period

of years.

The study of the distribution of water in the soil immediately after

its application, and the rate and extent of subsequent movement, forms

an essential part of the research program of the imiversity. Investigators

have stressed the importance of the concept of field capacity, which, in

general, measures the amount of water present in the soil under usual

field conditions when there is a practical cessation of downward water

movement. This condition usually occurs within a few days after irriga-

tion, provided the water table is not too close to the surface. The field

capacity may be estimated in the laboratory by a standardized technique

which utilizes a specially constructed centrifuge. For intermediate and
fine-textured soils, but not always for coarse ones, the field capacity is

about equal to the moisture equivalent, the latter being defined as the

amount of water a soil will retain under a centrifugal force 1,000 times

gravity.

For soils having a low water table, the value obtained by subtracting

the field capacity from the amount of water required for complete satura-

tion of the soil represents approximately the amount of water that will

drain away and contribute to the underground water if it percolates

beyond the reach of the roots of the plants. Obviously, knowledge of the

field capacity of soils constitutes an essential tool for a rational utiliza-

tion of irrigation water and for proper soil conservation and watershed

management. Water that is not held by the soil either runs off or moves

along the bedrock and impervious strata. If it runs off, it may cause soil

erosion ; if it moves along the bedrock, it may cause sliding and slumping

in the watershed.

Contrary to popular belief, the field capacity of soils is but slightly

increased by the customary applications of organic matter such as barn-

yard manure. Nor does the incorporation of commercial fertilizers

markedly aft'eet the storage capacity of the soil.

Texture is the most imi)ortant of the soil characteristics that control

the field capacity. The following data illustrate the relation between

texture and field capacity, the latter being indicated by moisture equiva-

lent :
Moisture equivalent

Soil (per cent)

Gravelly sand 4.4

Yolo sandy loam 14.3

Yolo loam 24.4

Sacramento clay 36.2

The table shows that the water-holding capacity tends to be greater

for fine-textured soils (clay, clay loams) than for coarse-textured soils

(sands, sandy loams). Thus, 100 pounds of dry Yolo sandy loam will
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hold about 14 pounds of water at field capacity ; tlio same amount of dry
Sacramento clay, about 8(i pounds. Conversely, a ^iven amount of water
will jicnetvate dee]ier into sands than into clays. For soils that are air-

dry, a c.onvenienl rule of thumb is the following': 1 inch of water over

a given area will wet clay soils about 2 to ;{ inches deep ; loam soils, 3 to 5

inches ; and sandy soils, 6 to 9 inches or more. Soils below the depth of

one foot usually are not air-dry but are at the permanent wilting per-

centage. Under those conditions the approximate depth of penetration is

obtained by doubling the values given above.

The concept of field capacity has several interesting ramifications

in relation to the movement of water in soils. At or below field capacity,

water moves very slowly in the soil, either under the infiuence of capillary

forces or under gravitational pull. For example, if a soil that is wet to the

field capacity is in contact with air-dry soil, as indicated in figure 20,

there will, over a period of months, be but little change in the distribu-

tion of water in any direction. Accordingly, water will not move appre-

ciably toward the roots of plants; the roots must go after the water. It

has also been established that a soil area cannot be wetted throughout

by surface application of water to only one part of it. If some water is

added to a large amount of dry soil, the water advances into the soil in

a front. Beyond the front the soil remains dry, and immediately at and
behind the front the soil is wetted to field capacity. There is a sharp line

of demarcation between the obviously wet soil and obviously dry soil,

and this persists for many months ; in other words, for all practical pur-

poses no movement of water from the wet soil to the dry soil occurs. These

findings, which are well supported by theoretical considerations, have

a direct bearing on numerous soil-engineering practices and on the

techniques of fertilizer experiments.

Figure 20. Diagrammatic representation of the slow movement of water at field

capacity. The soil is a loam. After the water disappeared from the irrigation trench, a
trench was cut across it and the line of demarcation between moist and dry soil was
noted. The trench was then covered. Fifty-six days later, it was opened, a new face was

cut, and the line of demarcation was again determined

About 1915 a series of experiments were begun for the purpose of

determining in a systematic manner what becomes of the water applied

to soils (pi. 3). At that time the opinion was widely held that a very

large part of the water applied to soils would return to the surface by
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capillary aL-tion and would be directly evaporated unless some means
were employed to prevent the loss, and that one of the supposedlj' effec-

tive means was the maintenance of a dust mulch on tlie soil surface.

Fre(iucnt cultivations to keep llic surface soil stirrctl and in a finely

l)ulvcrized i-oiidition had, indeeil, i-ome to be considered css«'utial in

California ajrriculture.

Studies can-i»'d out in widely separated i)ai-ts of the state indicated,

on the contrary, thai the total loss of water by evaporation is very small

in comparison with the htsses through t i'aiis|)iration by plants and that

in the field direct i'vai)oration is for the most ])art limited to a surface

layer about 8 inches tinck. This layer, it is true, dries out very rapidly.

I>ut irri<|-ation water which has ))assed ])elow the toji foot of soil will not

return to the sui-face in si^nilicant amounts by direct evaporation, but

only b}' way of plant transpiration. These findings are of <!:reat practical

importance, and many orchardists have eliminated a large amount of

the cultivation which, in some se<'tions, was done once a w-eek. In the

presence of a hij^h water table, soil mulching may conserve moisture; but

in practice, by the time the soil is dry enough to permit cultivation with-

out serious damage to its structure, the water content is at or below the

field capacity and further losses by evaporation arc relatively small.

According to the newer ideas on soil-moisture relations, the success of

bare land (fallow) in conserving moisture cannot be attributed to mulch-

ing, but must be explained by the relative ineffectiveness of evaporation

to a depth greater than S to 12 inches, and by the elimination of losses

which might occur through plant transpiration.

It has long been known that not all the water held in a soil can be

extracted by plants. The fact that a soil has a high water-holding

ca])acity (field capacity) does not necessarily mean that it can provide

plants with a large amount of water. The available soil moisture maj' be

evaluated by calculation of the permanent wilting percentage, which is

usually determined by means of sunflowers grown in pots according to

a standardized techni(|ue. It represents a narrow range in the moisture

content of the soil, below which plants cannot obtain water readil.y. At
that moisture content, plants wilt to such a degree that they cannot be

revived by placing them overnight in an atmosphere saturated with

water. Recovery can only be produced by the addition of water to the soil.

For a given soil series, the permanent wilting percentage is gen-

erally conditioned by the texture. If, however, soils of various series

are compared, the relation between permanent Avilting percentage

and texture does not always hold. As a general rule, for coarse-

textured soils the permanent Avilting percentage tends to be below

5 per cent moisture; for fine-textured soils, 10 per cent or more. In

other words, clayey soils retain more water that they will not give up to

plants than do sandy soils. A clayey soil may feel rather moist, yet the

plants may not be able to utilize the water.

The permanent wilting percentage of a given soil was found to be

remarkably constant. Such widely different plants as grapes, alfalfa,

beets, lettuce, corn, and even cacti wilt at nearly the same moisture per-

centage for a given soil. These rather unexpected observations are cor-

roborated by numerous physicoehemical measurements and thermo-

dynamic considerations, which show that the energy required to remove

one gram of water from the soil is relatively small above the permanent
wilting percentage, but increases enormously below that moisture range.
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For practical purposes, the amount of water between the field

capacity and the permanent wilting percentage constitutes the sole water
reservoir for the growth of plants. At field capacity, loams and clay loams
contain from 10 to 20 per cent available water as expressed on the basis
of the weight of dry soil. The values for sandy soils are usually below
this range. Taking into consideration the apparent density (volume
weight) of soils in their natural position, it can be stated that at field

capacity most of the medium- and fine-textured soils, to a depth of one
foot, will contain about one to three inches of available water. As yet, no
exact rule can be given for relating the amount of available water in

soils to other physical properties such as texture and porosity.

Irrigation workers at the university have gathered data which seem
to indicate that plants can extract water with nearly equal ease through-
out the moisture range between complete saturation and the permanent
wilting percentage. These findings may serve as a guide toward the
development of a rational irrigation program. Among other things, there

is some uncertainty and difference of opinion concerning the advisability

of frequent irrigations. In view of the evidence of uniform availability

of water above the wilting percentage, there appears to be no justifica-

tion for trying to keep alkali-free soils at a high moisture content

throughout the period of plant growth. The quantities of water actually

applied are determined by the cost of the water, the efficiency of the

irrigator, the soil and its preparation for irrigation, and, finally, the

character of the crop. The following seasonal applications of irrigation

M^ater have proved satisfactory on medium-textured soils under condi-

tions of normal annual precipitation : alfalfa, 30 to 42 inches ; cotton,

30 to 36 inches; rice, 60 inches; deciduous orchards, 18 to 30 inches;

citrus orchards, 18 to 28 inches. The choice within these ranges will

depend on locality and soil types. These figures do not include conditions

existing in the Colorado Desert.

Efficiency of irrigation has been defined as the percentage of water
applied that is shown in soil-moisture increase in the soil mass occupied

by the principal rooting system of the crop. Water losses result from
runoff from the ends of the furrows, from deep penetration, mainly at

the heads of the furrows, and evaporation from the water surface and
the soil mulch. The average efficiency which may be expected under good
irrigation practice is about 60 per cent (San Diego County groves).

TOO MUCH WATER

While California is exerting itself to conserve Avater and bring it to

the farmer, it must also, paradoxically, cope with a vast drainage and
overflow problem. High water tables and spring floods periodically

threaten the agricultural use of vast areas of fertile lands.

When, in the years 1914-1916, the water table in parts of the San
Joaquin Valley rose to such heights as to endanger the irrigated agricul-

ture, university and federal agencies undertook numerous experiments

on drainage and alkali control. Simultaneously, drainage districts were
organized and open-ditdi drains constructed. Several hundred wells,

varying in depth from 80 to 200 feet or more, were installed and pumped
continuously. Marked lowering of the water table ensued. Almost coinci-

dent with this development, the state entered a cycle of below-normal
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precipitation. Tho shortafjc of irrjfration water eiicouragred the use of the

(irainago wells for irri<?ation purposes. Several thousand additional wells

were sunk. The result was a complete disappearance of poor drainage

conditions in nuiiiy parts of the valley.

The introduction of irrigation to the imperial Valley and the Palo

Verde Valley was accompanied by immediate needs for drainage. In the

Palo Verde Valley, marked success was obtained with deep open drains,

since a pcnncablc sandy layer exists there at dejiths of from three to eight

feet below the surface. In the Imperial Valley the fine texture and intri-

cate stratification of the alluvial deposits has prevented equally success-

ful attempts at drainage.

In the past, spring floods and overflows along the major streams

iiave presented problems to agi-iculture that have taxed the skill of our

best engineers. The Sacramento River and its main tributaries used to

overflow vast areas of flat lands at times of excessive rains and much
melting of snow in the Sierra. P.y now, from as far north as Chico almost

to its lowest reaches it is leveed and regulated by an elaborate system of

weirs and by-passes. Likewise, the entire Delta region is leveed against

overflow from the Sacramento and San Joaquin Rivers, the major

tributaries of which also are controlled by extensive levees.

Reclamation enterprises also protect the lands of Tulare Lake, and

areas adjacent to numerous overflowing streams such as the Eel, Russian,

Salinas, Santa Maria, Santa Clara, Santa Ana, and Los Angeles Rivers.

Spectacular by reason of their magnitude and cost are the works for the

prevention of overfloAv of the Los Angeh^s and San Gabriel Rivers and

the protection of the adjacent densely populated and highly industrial-

ized parts of the Los Angeles metropolitan area. Significantly enough,

these control measures are not restricted to the lower ends of the rivers

where overflows actually occur. They extend clear to the sources of the

streams—the watersheds in the mountains. Elaljorate devices for measur-

ing transpiration rates by various trees and shrubs, for studying evapo-

ration of water from soils, and for controlling infiltration rates and

runoft' have been installed by the T'nited States Forest Service in various

parts of the steep, rugged, and chaparral-covered slopes of the Los

Angeles and San Gabrial watersheds. This scientifically planned project

represents a vital and promising coordination of soil science, forestry,

and flood control.

TILLAGE, DEEP OR SHALLOW?

In Colonial times, when Pennsylvania was the wheat granary of the

nation, the farmers plowed "at the most four, but more frequently less

than three inches deep." As late as 1820 five- to seven-inch plowing was

called "deep" in the east, and apparently was frowned upon, for, as an

observer says, "They deem it a great evil to turn up the red earth." The

wooden plow was fragile and the oxen were slow. The average rate of

plowing was only three-fourths of an acre in a day, a day then meaning
from sun to sun.

California skipped this period, for the most part. When the forty-

niners poured in, the cast-iron plow was in wide use in the east and
John Deere in Moline, Illinois, had begun to turn out his famous steel

plow commercially. Immigrants on Avagon trails and clipper ships sailing

round the Horn brought the plows to California.
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Local toolniakors inniiodiatolv bojTaii oompetiiig. Stockton gang
[)lows becaiiic i)()pular; special plows i'or tule and adobe lands were con-

structed; also subsoil plows, and many others specially adapted to the

soil and crop conditions of the state—for example, the sugarbeot plow.

A rocejit curiosity is the giant plow in Orange Connty, ^(^ feet long, that

plows to a depth of 56 inches and turns over a strip of land about 4

feet wide.

In the late 'sixties, wheel plows, or sulkies, and gang plows were
much more in evidence on the Pacific Coast than elsewhere. Gang plow^s

were used for second, or fallow, plowing and for cross-plowing. They
plowed shallow and were good for burying wheat seed. In the 'eighties

the eight-horse unit drawing two gangs with four bottoms each were
typical in the San Joaquin and Sacramento Valleys. They cultivated, on

the average, six acres a day. Steam-tractor plowing on bonanza farms was
much publicized but was a minor element in California wheatgrowing.

AVestern farmers were impatient with the slowness of the plow. They
experimented with rotary spades, screw pulverizers, and rotary harrows.

Finally, since the turn of the century, disk harrows have broken the

dominance of the plow in California. Simultaneously, spring-tooth

harrows and cultivators became popular. Since 1920, the offset harrow
has been used in many orchards and vineyards. It permits cultivation

under the trees without getting the tractor too close to the trunks. A
recent development is the basin lister, which is used in water- and soil-

conserving activities.

Very early in California history the idea of deep tillage and clean

and frequent cultivation was advocated by the farm press,
'

' regardless

of changing ideas and styles of experiment stations and colleges." In

particular, Warren and Son, owners of the California Farmer, undertook

a vigorous camijaign to promote subsoiling. In the first volume of that

journal (1854) the editors frequently directed attention to the moisture-

saving possibilities of intensive cultivation. "The greatest feature of

advancement in agriculture in California, is deep plowing. We do not

hesitate to say, that the cost of waterworks of all kinds for the purposes

of irrigation that could be saved by deep ploAving, even the present year,

would be more than the cost of supporting the government.
'

'

The testimonials published in favor of "stirring the earth as a relief

against drought" are astounding. An article written by J. Lowell and

republished in the California Former includes the following remarks:
'

' The severe drought threatened the total loss of the potato crop. On one

of the hottest and driest days I gave them a thorough plowing. In three

days after, the potatoes changed their color, they started afresh as if

thev had received the benefit of ample showers, while not a drop of rain

had fallen."

It is no wonder that the idea of deep and intensive cultivation

became widespread among California farmers. A lively controversy arose

between the proponents of "skinning" and of "gutting." Accordingly,

the first field experiment ever undertaken by the university (1875, by
Hilgard) was to determine the comparative effects of deep and shallow

plowing. Owing to various difficulties the results were not conclusive.

It is only within the past two decades that the problem of soil moisture

has been sufficiently clarified—as described in the preceding section

—
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to permit a rational formulation of tillage methods in relation to moisture

conservation.

Deep tillage as a means of breaking up plow soles, plow pans, elay-

pans, and liardpans—without, however, bringing the subsoil to the sur-

face—is furtlierod by the Killefer system. This, though also known as

subsoil ing, panbreaking, or chiseling, should not be confused with deep

plowing.

In orchard management there is at present a trend away from deep

tillage. Heavy disks that ])(Mietrate deeply cut too many feeder roots.

Although this may be of minor concern in deep alluvial soils, it assumes

damaging proportions on soils having dense subsoils that crowd the

tree roots toward the surface. Disk harrows are now provided with depth-

control api>liances which permit setting the disk gauge at full angle to

cut all the weeds, yet prevent penetration to a depth of more than four

or five inches.

Even compete elimination of tillage has been advocated. A per-

manent furrow system naturally would prevent plow-sole formation and

its disastrous effects on water penetration. In fact, one of the finest citrus

orchards in the south has had no cover crop and has not been cultivated

for the last twenty years.

THE MENACE OF SOIL EROSION

Although soil erosion had long been a pressing problem in the agri-

culture of the state, it did not have the active attention of the university

until the beginning of 1930, when interest was stimulated through par-

ticipation by the federal government in matters pertaining to soil and

water conscn-vation throughout the country. Erosion in California differs

somewliat from that in other parts of the country, but in certain places

is no less extensive or severe.

Here, the agricultural soils enter the rainy season nearly or Avholly

devoid of active vegetative ground cover. Since the surface of the soil

is poorly ])r()tected, it suffers from the impacts of torrential rains. Almost

all the sloping agricultural lands have been damaged by erosion. In some,

the loss is small and inconsequential ; in others, large and irreparable.

The level areas, although themselves not significantly eroded, are fre-

quently damaged by the deposition of eroded materials from adjacent

slopes.

California soils differ greatly in their susceptibility to erosion. Soils

having pervious surface layers but impervious subsoils (claypans)

erode much more easily than soils uniformly pervious or uniformly

impervious. In some soils occurs the so-called sheet erosion, by which

there is a rather uniform loss of surface soil over considerable areas ; in

others, deep and spectacular gullies are formed. The most erosive soils

are in the D group of the natural land classification. These soils occupy

the higher coastal terraces and include such series as Olivenhain, Las

Flores, and Tierra. Many soils of the E group (upland soils), especially

if their slopes exceed about 15 per cent, also are suljject to serious erosion.

In the past decade the search for effd-tive methods of erosion control

lias brought about significant changes in cultural i)ractices and in soil

manijuilation. With the aid of terraces, check dams, and diversion

ditches, engineers mechanically retard or divert the flow of water. The

agronomists try to achieve the same goal by improving and stabilizing
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the vegetational ground cover. Dense growth of grasses and cover crops

have been very effective in erosion control, on both irrigated and non-

irrigated areas. Where permanent ground cover is not convenient, the

introduction of "stubble mulch fallow"—the stubbles not being plowed
under but merely chopped up with a disk—lias given good results. On
uncultivated lands, controlled grazing by curtailment of the number
of animals, or rotation grazing, or the planting of new grasses, has been

beneficial.

Under California law, farmers in any community may organize

soil-conservation districts under the leadership of the United States Soil

Conservation Service. These encourage cooperation in soil conservation

and give aid to the farmer which he might not be able to obtain by
himself.

EVALUATING THE FERTILITY OF CALIFORNIA SOILS

When Sutter established New Helvetia in 1839 and dreamed of an
agricultural empire in the Sacramento Valley, he had good reason for

being optimistic. BackJiome, in Switzerland, people were on starvation

diets. Land there had been in cultivation for centuries; it was worn
and exhausted, and the crop yields were low. But here in California lay

millions of acres of virgin land ready to release to mankind their pent-up
fertility that had gradually accumulated since the land was formed.

Indeed, early California crop yields were high: "Vegetables raised

here would astonish you both as to quantity and quality—cabbages 53

pounds per head, Irish potatoes 33 inches in circumference, etc., wrote

George McKinstry, Jr.. to Lieutenant Kern in 185L J. B. Crockett, in

a lecture in San Francisco in 1854, exclaimed: "In spite of droughts
and floods and winds and fogs, the virgin soil yielded such bounteous
returns as had hitherto been wholly unknown in any part of the world,

and were in fact so marvellous as to challenge belief in their reality."

Wheat yields were 40 to 50 and even 70 bushels per acre. (At present,

25 to 30 bushels is considered exceptionally good.) Nevertheless, Cali-

fornia signified no exception to the general principle that cultivated

soils sooner or later decline in their productive capacity unless correc-

tive measures are applied. In the 'eighties, Hilgard said: "The need
for fertilization may be expected to arise within from five to twenty
years, according to the nature of the land, and the kind and intensity

of production thereon. In a few cases this need will be found to exist

at once."
For the study of the exhaustion of soil fertility under controlled

conditions, large quantities of thirteen California soils were brought
to Berkeley in 1915 and placed in open galvanized-iron containers. The
soils were continuously cropped to Beldi barley. No fertilizer was added.
During twenty-five years of observation all these soils revealed the same
story: a continuous decline in yield and a corresponding reduction in

some of the chief constituents of soil fertility, such as nitrogen. A rep-

resentative set of data is shown in figure 21. Whereas the decline was
very rapid at the beginning, it became less marked in ensuing years.

It appears that these soils tend to reach a low but stable level of produc-
tivity.

That the need for augmenting soil fertility must be widespread in

California is corroborated by the ]ihenomenal rise in the consumption
of commercial fertilizers from 1904 to 1941, shown in figure 22. This
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tilizers sold in California, 1904-1941.
(From California Dept. Agr. Spec. Publ.

188. 1941)

gives a forceful ]iictiii-e of the farmers' eirorts to l)uild uji inlierently

poor soils and to counteract the declining productivity of the land. It

does not follow, however, that the farmer has always heeu successful
in attaining his objective, for the buying of fertilizer is often governed
by a mixture of facts, fables, and salesmanship.

While the rate of increase of fertilizer consumption is impressive,
the actual amounts used are still small, considering the acreage of land

Tahle J. Approximate tonnages of commercial fertilizers used on various crops
in California in 1941-

Crop Tons Crop Tons

Citrus fruita

Lettuce.
Potatoes..
Celery.
Deciduous fruits

Ornamentals
Melons
Sugar beets

Berries

Ck>tton

Grapes
Tomatoes

85,000

36,000

25,000

22,000
15,000

9,000

6,700

6,400

5,000

5,000

5,000

5,000

Field crops

N'uts

Peas
Rice
Peppers
Hops
Avocados, dates, olives

Vegetables other than mentioned
above
Other crops

Total

4,000

4,000

3,700

3,000

2,000

1,500

1,260

14,100

6,383

265,043

Source of data: California U.S.D.A. War Board, War Letter No. 140, June, 1942.

on which a response might be secured. In 1941 the amount of com-
mercial fertilizer sold was 265,043 tons, representing an expenditure by
the farmers of more than $11,000,000.3 The amount was distributed
among crops as shown in table 8. It is difficult to determine to what extent
this fertilizer was used wisely. It may be stated with respect to California
soils in general that nitrogen is usually deficient, that phosphorus is

deficient for some field and truck crops in many places, and that the
number of soil series with known potassium deficiency is rather limited.'*

There is no direct evidence indicating a widespread and urgent need for
complete fertilizers for many of the crops grown commercially in Cali-
fornia; yet California sales of so-called "complete mixed fertilizers"

soils,

3 In 1948 the amount sold reached 548,744 tons.
* Extensive field and pot experiments indicate large areas of phosphate deficient
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amounted in 1941 to 8S,()0() tons. Tlic uiiivorsity strongly encoui-ages the

application of fertilizers for California soils. It places emphasis on
research for rational use in accordance with the needs of the plant and of

the soil.

The establishment of a sound and economical fertilizer program
is an individual farm problem in which crop, soil type, climate, previous

cropping, and soil-management practices are the important factors.

Obviously it is impossible to maintain a scientifically controlled experi-

ment field on every part of every farm in the state. Hence the university

has long engaged in an intensive study of the scientific principles which
underlie crop production, though without losing intimate contact with
the needs of the practical farmer.

Properly conducted field trials are highly important ; but they are

very costly, since variability of soil, fluctuations in seasons, and the

visitations of plant diseases and pests demand much replication and
repetition ; and furthermore, irrigation technique is difficult to stand-

ardize. The most elaborate scientifically controlled field experiment
anywhere in the state is conducted at the Citrus Experiment Station

at Riverside. Begun in 1917, it uses an area of some 50 acres and employs
more than 40 different treatments. The experiment is still in progress
and is contributing much valuable information to citrus growers.

Numerous test plots are scattered over the state. These may be
merely demonstrations to convince farmers of a fertilizer response known
to occur in the district, or they may be simple tests designed to explore

a given situation. In 1940 the university supervised approximately 500
demonstrations and tests dealing with commercial fertilizers.

In the absence of field experiments, pot tests may be of assistance

in determining the fertility level of soils. For such tests the soils are

brought to greenhouses and placed in pots holding from 20 to 400 pounds
each. Nutrient elements, singly or in combination, are added, and plants

are grown under standardized conditions. The cost of these tests is low
in comparison with that of field experiments. The relatively small amount
of soil used per plant readily discloses the first limiting nutrients of the

soil. The main disadvantage lies in the uncertainty of extending the

results to field conditions. The degree of uncertainty is sometimes small

and sometimes very large.

In chemical laboratory tests, soil samples are treated with various

solvents and the amounts of readily available nutrient elements are

determined by analysis.-'' Results are obtained ciuickly and cheaply, and
a large number of soils can be tested. The main difficult^' lies in the

correlation of these tests with field data. Furthermore, scientists have
not yet been able to determine how accurately these extraction methods
simulate the action of plant roots.

For this reason, biological laboratory tests have been perfected.

Plant seedings or microorganisms are grown on small soil samples and,

after a few days or weeks, are analyzed for their nutrient content.

Thousands of such chemical and biological tests have been run on Cali-

fornia soils. Comparisons of the biological method and the chemical

extraction tests reveal the interesting fact that, for a large number of

5 A promising: chemical test for available soil phosphorous has been published in

Bingham, Frank T., Soil test for phosphate : California Agr. Exper. Sta. Bull., vol. o,

no. 8, pp. 11, 14, 19 49.
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California soils, plants such as rye seedlinprs extract much greater quan-

tities of potassium than is indicated by chemical tests (exchanp:eable

potassium). These unexpected findinfrs are a challenjre to the scientist,

because a proper understanding of the basic problems of soil fertility

cannot be had unless the mechanism of mineral intake by plant roots

is fidly clarified. Plant-nutrition specialists of the university are inves-

tigating; various phases of this fundamental problem. They have found

that the nutrient uptake is not a mere physicochemical process, but is

intimately as.sociated ^vith the activities of the living protoplasm in the

root. In particular, the metabolic processes are stimulated by the presence

of ox^'gen—a fact that thru^vs new light on the importance of adequate

soil aeration. An outgrowth of these studies has led to the commercial

development of water culture, or hydroponics.

In recent >-ears a new method of estimating fertilizer requirements

has received much attention. In analyzing thousands of plants and plant

parts for their nutrient content in the course of the past hundred years,

soil scientists and plant physiologists have found that both the total

ash content and its composition vary widely with soil conditions and
climate. Of rehitively recent origin is the assertion that there exists a

critical concentration of nutrients in certain plant parts that is indicative

of the nutrient needs of the entire plant. At or below this concentration,

plant growth will be stimulated by additions of the corresponding fertili-

zer materials. The critical concentration is thought to be nearly inde-

pendent of .soil tj'pe and climate. If this suggestion should prove
generally valid, the analysis of specific plant parts would become very
important in estimating the fertilizer needs of a growing plant. The
university is actively engaged in fostering this new development.

WHAT HAPPENS TO FERTILIZERS WHEN ADDED TO SOIL?

Like the efificient industrialist who keeps track of every phase of the

manufaetui-ing pi-ocess, the California farmer, who is something like a
biological engineer, wants to know the fate of the millions of dollars'

Avorth of fertilizer he annually incorporates into the soil. A significant

part of the university's research in soil chemistry and soil microbiology
is connected Avith this very question. "Whereas earlier studies centered
mainly around the transformation of nitrogen, more recent trends focus

attention on tlie i)hosphate problem. A few of the discoveries which have
practical importance may be noted here.

Nitrogen in the form of nitrate (NO3), as in Chilean nitrate, has

been found not to react Avith the solid parts of the soil. Consequently,

it is leadily carried into the subsoil by penetrating water and under
excessive irrigation may be lost by filtration into deep strata.

Nitrogen in the form of ammonium ions or ammonia (NII4*, Nlla),

as in ammonium sulfate or liquid annnonia, is held by the colloidal soil

particles, where it may be readily available. In fine-textured soils such

as clay loams it may not penetrate below the surface inch or two of

soil. Soon after fixation, however, soil bacteria will convert the ammonia
and ammonium forms of nitrogen into the nitrate form, and subsequent
rains or irrigations will carry the nitrates into the subsoil.

If nitrogen is added to the soil in organic form, such as stable manure
and cover crops, these materials will be decomposed by microorganisms,
especially bacteria, fungi, and actinomj^ces. When urea is used, soil
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enzymes may be involved directly. Ultimately the nitrogen will be con-

verted to nitrates. In this form it can be used advantageously and eco-

nomically by terrestrial plants. The rate of conversion depends on a

large number of factors, the most prominent being the kind of microbes

present in tlie soil, conditions of moisture and temperature, soil reaction,

and the carbon-to-nitrogen ratio of the organic materials.

In fertilizer practices that employ phosphates, the concept of avail-

ability assumes prime importance. For instance, although some repre-

sentatives of Yolo clay loam and of Aiken clay loam soils contain almost

the same amounts of total phosphorus—2,100 and 2,000 p.p.m. PO4,

respectively—they differ widely in available phosphate. Dilute sulfuric

acid will extract 1,100 p.p.m. PO4 from the Yolo soil, but only 130 p.p.m.

from the Aiken soil, live seedlings (Neubauer test) will remove 150

p.p.m. of phosphate from the former and only 24 p.p.m. from the latter.

Most field crops do well on Yolo clay loam, but fail to grow on Aiken
clay loam unless phosphates are supplied.

Phosphates added to the soil in such forms as superphosphates and
ammonium phosphates react readily with the soil particles and there-

fore penetrate very slowly into lower strata. In the presence of lime,

the soluble phosphates are precipitated as relatively insoluble calcium

phosphates. In order to liberate these phosphates for plant use, the

roots must produce acids (hydrogen ions) in amounts sufficient to create

localized zones of phosphate dissolution.

Some soils, especially those—such as the. Aiken series—having

kaolinitic types of colloidal particles, fix phosphates by an adsorption

mechanism which renders the phosphates exceedingly unavailable, and
consequently large amounts of phosphate fertilizer must be added to

promote plant growth. The entire chemistry of phosphate fixation and
phosphate availability is extremely complicated. In spite of notable

advances made by university investigators, much yet remains to be done.

Potassium fertilizers react with colloidal clay and humus particles

by means of an exchange process

:

Clay Ca + K,SO, ^ Clay

Potassium ions displace the calcium ions on the surface of the clay

particles and take their place. These "adsorbed" potassium ions do

not move readily with penetrating water, and therefore the rate of

distribution of potassium ions within the soil mass is rather slow. Yet
these adsorbed ions can be readily utilized by plants and are nearly as

available as if they were in true solution. This phenomenon has been

designated as "contact effect." It is believed that the ions on the clay

particles may react directly with the root surface when the latter comes

into close proximity to the clay surface.

But in some California soils the potassium, after having been
adsorbed on the clay particles, undergoes a further change. Apparently
it is being locked up, perhaps in the interior of the clay crystal, because

it is no longer available to the plant. It cannot be exchanged or displaced

])y the ordinary ion-exchange methods. Soils that possess this trapping

mechanism offer a serious obstacle to potassium fertilization because as

soon as the fertilizer is added the potassium becomes unavailable and no

plant response results.
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RESTORING SOIL NITROGEN AND ORGANIC MATTER

111 virgin soils there exists a delieate hahiiire Ix'twct'ii ^ains of nitro-

gen throngh bacterial activity and losses tlirou^di the decomposition of

organic materials. When man removes the natural plant cover and cul-

tivates and crops the land, this equilibiiuiii is disturbed and nitrogen

losses are increased.

Just wlien the need for replenishing nitrogen Avas first felt in Cali-

fornia, it is difficult to say. No records are on hand that would indicate

any directed use of animal manure in the agriculture of the mission

period. Old settlers maintained that "manuring is too costly and will

never pay." When Ililgard came, in 1875, he was fully conscious of the

possibilities of nitrogen deficiencies. lie initiated field experiments, some
pot tests with sodium nitrate, and numerous chemical soil analyses, in

attempts to explore the nitrogen problem. He concluded, however, that

in California soils nitrogen would probably not be among the first

ingredients to be exhausted. "So far as our observations go," he wrote,

"it is likely to become deficient next in order to phosphoric acid under
normal conditions and should be supplied whenever the superphosphates
fail to produce satisfactory results." Now. half a century later, nitrogen

is considered to be the first limiting element for most California soils.

The field experiment at the University of California Citrus Experi-
ment Station at Riverside lends itself admirably for a systematic inquiry

into the nitrogen problem. The average relative yields (1928-1939) of

oranges for various types of nitrogen fertilizers were as shown in the

following summary : Relative yield

No. Treatment (per cent)

6 Cover crop onlj- (no nitrogen added) 45
27 Sodium nitrate witli cover crop 100
28 Sodium nitrate and gypsum with cover crop 105
21 Calcium nitrate with cover crop 106
15 Ammonium sulfate with cover crop 07
IS I'roa with cover crop 100
17 Dried blood with cover crop 101
43 Cottonseed meal with cover crop 97
31 Dairy manure with cover crop 86
30 Dairy manure without cover crop 99

With the exception of the plots having a cover crop only (no. 6), all

plots received nitrogen amounting to 1 pound of nitrogen (N) per tree
annually. All were used with cover crop except one of the dairy-manure
treatments. There are 91 trees to the acre. The mean annual yield of
the sodium nitrate plots was 126 pounds of oranges per tree for the period
under consideration. This value is given a relative rating of 100, and all

other yields are expressed in proportion to this arbitrary standard.
The summary discloses that the annual addition of 1 pound of

nitrogen per tree has more than doubled the yield on this soil, a Ramona
loam. Similar responses have been observed in a large number of citrus

orchards. It makes no difference, within the limits of experimental
errors, in what form the nitrogen is given; nitrates, annnonium com-
pounds, and several different organic materials are equally effective.

Only dairy manure in combination with cover crop exhibits a signifi-

cantly lower value. This equality of nitrogen carriers in the presence of
cover crops has been observed in many other citrus orchards and in
numerous deciduous orchards also. It may be well to emphasize that
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none of these treatinents had any adverse elifeet on the eoinmercial

qnality of the frnit.

The deficiency of nitrogen, so serious in a large number of the

citrus orchards, is less pronounced for deciduous-tree orchards. The

results of a number of experiments conducted, mainly by the university,

in the years 1926-1933, are given in table 4. Nitrogen amounting to 0.45

to 2,00 pounds per tree was applied as ammonium sulfate or sodium

nitrate. The response to nitrogen was variable. Only three times out of

seven was there a significant increase in yield. It is not known whether

this ditferential behavior of deciduous and citrus trees is conditioned

Table Jf. Results of nitrogen fertilization of deciduous trees.

Fruit and locality

Peaches:
Modesto
Santa Clara Valley-

Merced County

—

Prunes:
Woodland
Santa Clara Valley

Pears:

Lakeport

Apricots:

Santa Clara Valley

Grapes:
Alexander Valley --

Duration

years

5

3

6

Average
on

check plots

pounds per tree

241
269
216

243
84

209

3.65*

Increase of

yield on
nitrogen plots

per cent

31

4

4
22

26

5

5

* Tons per acre.

mainly by the physiology of the trees or by the type of soil on which they

are gro"\ATi.

On a large number of California soils, field crops and truck crops

respond readily to nitrogen, although to a degree varying with soil

type, crop, and soil management. For purposes of illustrating the variety

of conditions and the complexity of the soil and plant relations a few

typical trials are enumerated.

In x>ot experiments, ammonium sulfate at the rate of 500 pounds

(100 pounds of nitrogen) per acre increased the yield of potatoes in

Yolo sandy loam near Santa J\Iaria hj 34 per cent. In the field the

same rate of application produced a yield increase of 190 per cent

on Hesperia sandy loam at Shaffer, where potatoes are a failure unless

fertilized with nitrogen.*' Significant responses have also been obtained

on Standish sandy loam at Susanville, but not on peat soil at Tulelake.

Tomatoes reacted favorably to nitrogen fertilization on Yolo silt

loam, Rincon soil. Pinole loam, Montara clay loam, and Brentwood clay,

under both field and pot trials.

In the Salinas Valley, farmers used to add 100 to 200 pounds of

ammonium sulfate per acre to sugar beets. Higher amounts were con-

sidered excessive and likely to produce beets with a low sugar content.

" They respond more readily to ammonia-nitrogen than nitrate-nitrogen.
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Field experiiiu'iits showed, however, that 1,500 pounds t>t" aiiimoniuui

sult'ale ^'ave siguilieant increases in yield without lowering the sugar

coutent. Moreover, in pots holding 500 pounds of soil (Metz silty clay

loam), anniioniuui sulfate corresponding to 2,400 pounds per acre

increased the yield i'roni 1)95 grams to 8,200 grams of clean beets per pot.

This enormous production was accompanied by increases in sugar con-

tent and degree of purity. Uiider the favorable conditions of light and
temperature that prevailed throughout the experiment, all nitrogen

taken up by the roots was utilized for growth. At harvest time there were

no free nitrates in the leaves and c(»nse(iueutly no reduction in the sugar

content of the beets.

Lack of nitrogen often limits the growth of the lettuce i)Iant. On
Ilanford sand and on llanford sandy loam, 60 or 120 pounds of ammo-
nium sulfate stimulated production by 100 to 130 per cent, but sodium
nitrate had no effect. No benefits from nitrogen applications were
observed on Yolo silty clay loam and on various types of the Salinas

series.

Sweet corn reacted favorably to nitrogen on Indio very fine sandy
loam, but not on Burns clay loam.

Many small-grain crops, such as wheat and barley, respond satis-

factorily to nitrogen fertilizer on a wide variety of soils. Tn ]!)40, trial

plots scattered over the state showed that in 89 out of 50 tests wheat or

barley definitely benefited from nitrogen application; but in 1941 only

7 out of 21 new tests reacted positively to nitrogen. In many localities,

barley planted after fallow will not respond to nitrogen fertilization.

In some parts of Europe where agriculture is most intensive the

use of animal manure is considered the key to successful farming. How
it is that the nature of the constituents of barnj'ard manure and their

mode of action might explain the leading role of this soil amendment is

a question that has not yet been answered satisfactorily. Since many
crops, especially tomatoes, potatoes, corn, wheat, and even fruit trees,

can be grown in excellent condition and to full maturity in artificial

nutrients soluti(ms, Avithout additions of organic matter, one is forced

to conclude that the beneficial efl;ect of manure is not caused by any
mysterious constituent in it. Likewise the successful maintenance of

productive orchards Avithout the use of manure or cover crops suggests

that organic matter may not always be as indispensable as once Avas

thought. There is noAV a tendency among many agriculturists to attribute

the indisi)utable beneficial effects of organic manures to their content of

nutrient elements, on the one hand, and to the influence of the organic

substances on the physical and chemical properties of the soil, on the

other. Organic matter is also important in supplying energy materials

for the activities of the microorganisms in the soil.

The most extensive and painstaking field experiments (m the effect

of manure and cover crop on the productivity of California soils have

been conducted by the University of California at Riverside. During the

tAvelve-year period 1928-1989, the application of one pound of nitrogen

per tree produced the foUoAving average annual yields of oranges per

tree:
NitruKcii as nitrate or as urea 131 pounds
Niti'ogen in the form of dairy manure 125 pounds

Nitrogen as nitrate or urea, plus cover crop turned under 120 pounds

4—34354
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Dairy niaiiure increased the yield of oraiiges by nearly 13 per cent.

This beneficial effect cannot be attributed to the content of phosphorus
and potassium, for additional experiments demonstrated that these two
elements do not affect the jdeld on this soil. The presence of a cover crop
increased the efficiency of nitrogen fertilization by 16 per cent.

The differences in yield would probably have been much greater

had not all plots been periodically sprayed with zinc compounds to

prevent the mottle-leaf disease. Before zinc spraying was begun in 1934,

the trees on the clean-culture plots were much more seriously affected

with mottle-leaf than those on the comparable cover-cropped plots. In
tlie period 1923-1935, there were some years when the clean-culture plots

fertilized with sodium nitrate and with calcium nitrate yielded 35 and
38 per cent, resj)ectively, less than corresponding cover-cropped plots.

Zinc applications cured practically all the mottle-leaf by the summer of

1935 and eliminated its depressing effects on yields.

The organic amendments in the form of either stable manure or

cover crop had very striking and visible effects on the physical properties

of the soil. The lack of organic matter in the nitrogen-fertilizer plots

resulted in a compact soil wdiich absorbed water slowdy. The penetration

and movement of irrigation water was greatly restricted in these plots.

Generally speaking, the economic merits of manure will vary widely
with its nitrogen content and price. The cost of growing a winter cover

crop and the possible inconvenience it entails, especially if the orchard

has to be heated, have retarded its use as a universal practice. The
advantages, how^ever, may greatl,y outweigh the disadvantages, if the

beneficial effect of the cover crop on the trees and on the yields of fruit

are high enough. Lastly, the value of winter cover cropping as an effec-

tive means of preventing soil erosion is definite and widely recognized,

though hard to evaluate in dollars.

Experiments conducted from 1909 to 1915 on Sierra sandy loam
at the old Rubidoux Station (Riverside) illustrate the comparative
merits of leguminous and nonleguminous winter cover crops on the yield

of succeeding field crops. The annual tonnage of green manures (fresh

weight) at the time they were turned under averaged 9 tons per acre

for nonlegumes (barley, rye, alfilaria) and 12 tons for legumes (vetch,

bur clover, Canada peas, Melilotns indica, and others). xVfter the winter

cover crops had been turned under, summer field crops were planted

in March or April, according to variet}' and season. The average yields

are shown in table 5.

Effects of the leguminous crops w^ere, without exception, markedly
beneficial. The percentage increase for all crops (including sorghum hay
and Sudan grass hay) for six years is 38 per cent in favor of the legumes.

In the University of California's experimental deciduous fruit

orchard at Davis, cover crops, either leguminous or nonleguminous, did

not measurably alter the total nitrogen content of the soil over a period

of ten years. At Riverside, with large lysimeter tanks, legume cover

crops gave an increase of 75 to 100 pounds of nitrogen per acre per

year (six-year average) over nonlegumes, when both were turned under
in spring. This nitrogen gain from legumes was reflected, first, in

increased yields of harvested crops, and second, in increased leaching

losses of nitrogen. In accord with the findings at Davis, the permanent
nitrogen content of the soil was not increased by the legumes.
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Table 5. Yields of field crops after green manures.

59

Nature of cover crop

Shelled com
(5 crope)

Potatoes

(2 crops)

Beets

(2 crope)

Cabbage
(2 crope)

Nonlegunies.

LCRUIIICS

pounds
per acre

1.708

2,480

pounds
per acre

9.732

13.588

pounds
per acre

24.601

30.741

pounds
per acre

10.124

15.377

The statement tliat, per unit of nitrojien, all organic materials are

about equally effective requires qualification. Some consideration must
lie given to tlie pntportions of nitrogen and cai-bon in organic fertilizers.

While manure, cottonseed meal, and dried blood produced similar orange

yields, large incorporations of cereal straw, even in the presence of one

pound of nitrogen per tree, reduced the yield by 16 per cent.

Microbiologists attribute the depressing effect of cereal straw to

the activity of microorganisms. During the decomposition of organic

matter, the soil bacteria and fungi utilize nitrogen for their own
growth and metabolism. If tht> proportion of carbohydrates to nitrog-

enous substances is large, most of the nitrogen will be in the bodies

of the microbes and consequently the plant roots wall be temporarily

deprived of available nitrogen. Presumably, the more the carbon-

to-nitrogen ratio in organic fertilizer exceeds the value 10 to 1, the

slower is the rate of decomposition of the material and the rate of

mineralization of the nitrogen compounds. The unfavorable per-

formance of bulky organic fertilizers having wide carbon-to-nitrogen

ratios often may be overcome by supplements of mineral nitrogen ferti-

lizers. These newer microbiological ideas on the availability of soil

nitrogen may offer an explanation of Ililgard's old observations on the

nitrogen hunger of humus. He recommended the use of nitrogenous

fertilizers such as Chile saltpeter for any soil containing humus with

much less than 2.5 per cent of nitrogen—even if the total nitrogen content

of the soil is high.

Similar phenomena are encountered in crop-rotation practices. Spe-

cial studies have been conducted on the effect of coi-n and sorghum on suc-

ceeding crops. Sorghums usually produce marked injury to succeeding

nonleguminous crops, whereas corn seldom does so. Studies conducted by
the university suggest that part of the injury must be attributed to the

high sugar content of the sorghum residues, which stimulates the growth

of microorganisms. Greenhouse and field studies lend sujiiiort to tlic

theory that lack of available nitrogen is the immediate cause of the injury

to the succeeding crop. In replicated plots at Davis and El Centro for

three years, applications of sodium nitrate and ammonium sulfate have

markedly increased the yields of the crops following sorghums, the

increases being roughly ])roportional to the rate of application.

THE COMPLEXITY OF PHOSPHORUS RESPONSES

In a paper on "Improvement and Fertilization of Land," published

in 1894, Hilgard stressed the phosphate deficiency of California soils.

"It happens," he wrote, "that in California most of the rocks—and
therefore the soils derived from them—are poor in phosphates. Hence,
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phosphates are among the first ingredients to become deficient in Cali-

fornia soils ; as has been amply proved by actual experience of farmers,

in whose hands superphosphates and phosphatic guanos have become
the favorite fertilizers from the first." Authorities on fertilization give

phosphorus second place, today, in the order of fertilizing elements for

California soils.

Perhaps Hilgard did not have enough information to justify his

state-wide generalization. It is possible, however, that the accelerated

exhaustion of soil nitrogen since the turn of the century is a cause of the

change in fertilization policy. The following brief account of an experi-

ment may help to make clear the interplay of nitrogen and phosphorus
in plant production.

In pots, nonfertilized Hugo clay seeded to barley produced the very

low yield of 11.7 grams (fig. 23). Additions of treble superphosphate at

the rate of 70 pounds of P2O5 per acre increased the yield to only 14.9

grams, which is statistically not significant. Nitrogen alone (70 pounds
per acre) nearly doubled the output, giving a yield of 21.3 grams. When
both nitrogen and phosphorus were applied, the yield was again doubled,

104.5

BARLEY ON HUGO CLAY

2i.3

11.7

'Jl

41.5 42.5u
CHECK 70 RO, 70 N 70 N 400 N 400 N

70P,05 70P,0,

Figure 23. Efficiency of phosphate fertilization as conditioned
by various levels of nitrogen

becoming 41.5 grams. Thus, in the absence of nitrogen the phosphate

fertilizer was inactive, but in the presence of nitrogen it produced a

significant increase in yield. Furthermore, when the amount of nitrogen

added was raised from 70 pounds to 400 pounds per acre, the 70 pounds
of P2O.-, increased the yield from 42.5 grams (with 400 pounds of

nitrogen) to 104.5 grams, which represents a gain of 250 per cent. Similar

relations were observed in the field, with lettuce grown on Greenfield

coarse sandy loam. Nitrogen alone (120 pounds per acre) or phosphorus

alone (120 pounds of P0O5 per acre) had no effect on the yield, but the

combination of the two fertilizers increased it significantly. It is to be

noted, therefore, that the need for a given fertilizer may be concealed by

one or several other limiting nutrient elements. This possibility must be

given serious consideration in the planning of field experiments.

The current belief that phosphorus is not limiting in most Cali-

fornia soils is mainly justified by the performance of tree crops.''' Scien-

tifically conducted field experiments by the university with oranges,

peaches, prunes, apricots, and grapes on such soil series as Ramona.

" It is now recognized that, excepting for tree crops and vines, phosphorus is low
in many California soils.
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Sierra, llanfonl, Placentia. San .Juaciuiu, Porterville, Yolo, Corning,
and Aiken failed to show any significant yield increases from phosphate
application, either in the absence or the presence of nitrogen (0.6 to 4
l)onnds of nitrotrcn per tree.) In spite of this essentially negative infor-

mation, many citrns growers annually apply large (piantities of phos-

phate materials to their groves. Conscfiuently, the soils of citrus orchards
in various localities have made important gains in phosphate content, as

was shown by a comparison of 49 orchards with tlieii- near-by unfer-
tilized lands.

Field crops and truck crops present an entirely different picture.^

On the Aiken clay loam, characteristically low in available phosphorus
and having a high fixing power for this element, the yield of cherries,

prunes, almonds, peaches, walnuts, and apples is very good ; and further-

more, heavy applications of phosphates have not, so far, produced any
changes in yield, quality of fruit, or tree growth. On this same soil and in

the same locality (Paradise), eighteen field and truck crops such as corn,

beans, alfalfa, lettuce, and barley failed to make satisfactory growth
unless large amounts of phosphate were added. For example, in 1940, the

yield of potatoes, when no phosphate was added, was 4 tons per acre.

Nitrogen alone gave little or no increase. When phosphate alone was
added (2,200 pounds of Pi^O.-, per acre), the yield rose to 12 tons. Phos-
phate in combination with nitrogen produced 17 tons.

The exact reason for the differential behavior of trees and annual
crops is not fully understood. On an acre basis, the phosphate removal
by an average crop of oranges plus that required for the production of

the annual new growth of the trees is not greatly different from that

removed by small grain, corn, clover, and potatoes. But whereas the

annual crops must obtain their phosphates in a growing period of from
2 to 4 months, citrus trees probably absorb phosphate continuously
throughout the year. Similarly, the root activity of deciduous fruit

trees under California conditions appears to continue throughout the

winter.

With soil types that are not as deficient in available phosphorus as

the Aiken clay loam, the responses to field crops vary greatly. Field

experiments (1937-40) with Ladino clover, a legume, on San Joaquin
loam near Oakdale showed an average yield of dry matter amounting
to 1.61 tons per acre. Treble superphosphate at the rate of 69 pounds of

P2O.5 per acre produced an increase of 84 per cent. On the same soil type,

near Gait, 54 pounds of P2O.-, per acre increased the yield of Ladino
clover only 8 per cent. Phosphate in conjunction with calcium has

proved especially effective. From 1938 to 1940 the average annual yield

produced by the addition of 1,000 pounds of hydrated lime per acre was
1.43 tons of dry clover per acre. The addition of 65 pounds of P2O.-, per

acre increased the average yield by 126 per cent. On Elkhorn sand at

Watsonville, 180 pounds of P^O^ per acre increased the yield of peas

(clean peas) 33 per cent in 1939 and 81 per cent in 1940. Beans on the

same soil also profited from phosphate fertilization.

Of sixty-one state-wide tests with small grains conducted in 1940
and 1941, only eight showed a definite superiority of phosphorus and
nitrogen over nitrogen alone. In the remaining fifty-three the response
was negative or inconclusive.

* Truck crops often respond to phosphorus during the cool winter season. Proper
placement of fertilizer also was found to be Important.
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With potatoes on Hesperia sandy loam at Shafter, treble superphos-
phate (90 and 180 pounds of P2O5) in the presence of 150 to 200 pounds
of nitrogen produced yield increases of froDi 9 to 15 per cent during the
years VJ:il-'M, but had no effect in 1940 and 1941. On Metz silt loam near
King City, sugar beets did not respond to phosphates in the presence of
nitrogen. Lettuce yields on Greenfield coarse sandy loam increased more
tlian 200 per cent upon application of ammonium sulfate (120 pounds of
nitrogen per acre) and treble superphosphate (120 pounds of PoO-,).

The responses were nil on the Salinas and Hanford series. Sweet corn
on Burns clay loam benefited greatlj^ from superphosphate.^

LIMITED RESPONSES OF CROPS TO POTASSIUM FERTILIZATION

In scientifically controlled fertilizer tests very few California soils

have revealed serious deficiencies in potassium. Usually, as with phos-
phorus, the plant's needs for nitrogen must be satisfied before its potas-
sium requirements become evident.

The following responses to potassium fertilizers, mainly in the
presence of nitrogen and phosphorus, have been obtained in field experi-

ments conducted by the university

:

Crop, soil type, and locality Yield increase

Oranges :
('per cent)

Ramona loam, Riverside
Hanford sandy loam, Arlington
San Joaquin sandy loam, Jasmine
Porterville clay loam, Porterville .

Yolo loam, Fullerton
Hanford sandy loam, Orange
Placentia loam, Arlington Heights —14

Peaches

:

Fresno sand, Modesto 7.5 (?)
Merced County (soil type not recorded)

Prunes

:

Woodland (soil type not recorded)
Pinole loam, Morgan Hill Marked
Fai'well loam, Chico Marked

Pears, Lakeport (soil type not recorded)

Grapes, Corning gravelly loam, Alexander Valley 10-20

Potatoes

:

Hesperia sandy loam, Shafter
Peat, Tulelake

Sweet potatoes, Ramona fine sandy loam. Orange County

Sugar beets, Metz silt loam, Soledad
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Yield increase

Crop, soil type, and locality (per cent)

Canninp peas, Elkhorn sand, Watsonville

Ladino clover, San Joaquin sandy loam, Oakdale 0-100

Lettuce

:

Salinas series, Salinas

llanford sandy loam, Salinas
Greenfield coarse sandy loam, Salinas

Tomatoes, Brentwood clay, Brentwood

Onions, Fresno fine sandy loam, French Camp 1

Positive effects were obtained with prune trees, grapes, and Ladino
clover, but oidy on certain soils. Pot experiments with field crops reveal

a similarly inconsistent situation. The problem resolves itself into a

systematic search for those specific soil series and types which are defi-

nitely deficient in potassium.

In California, potassium deficiencies are most conspicuously mani-

fested in connection with "prune diebaek" in the northern Sacramento
Valley. As noted earlier, trees that had thrived during the first five to

eight years in the orchard developed a sudden scorching of the leaves and
a subsequent dying-back of limbs. Sometimes entire trees died, and this

resulted in abandonment of some of the land given over to prune
production.

Field and laboratory trials conducted by the university indicated

tliat prune diebaek was associated with soils which not only were fre-

quently low in potassium, but also exhibited a marked ability to fix this

element. Tliis is especiallj^ troublesome wnth deep-rooted crops like trees,

since fixation by the surface soil when the fertilizer is broadcast over the

ground makes it difficult to get the potassium down to the root zone. A
method of injecting dissolved potassium fertilizer into the soil to a depth

of three feet was devised. Trees so treated remained healthier than
adjacent untreated trees.

Soils in the northern Sacramento Valley that are low in potassium
should not be planted to prune trees. If the biological "Xeubauer test"

indicates less than 125 p.p.m. potassium to a depth of three feet, scorch

and diebaek conditions may develop. In the orchards already established,

improvement may be expected from additions of potassium if this is

placed in the deeper soil. The American Potash Institute reports such
improvement on Iloncut clay loam, Pinole loam, and Rincon clay loam.

Cultural practices for reducing the losses in established orchards have
been mentioned earlier in this volume.

SOIL REACTION, AND IRON AND SULFUR DEFICIENCIES

The possible influence of soil reaction on plant growth occupied the

attention of the university staff as soon as the proper techniques for

measuring acidity were made available. Contrary to expectations, the

relatively low degrees of acidity that are characteristic of most of the

state 's arable soils were found to have no detrimental effects on the yields.

Likewise, the fantastic claims of specific optimums of soil reaction for

each crop species, which still appear in pamphlets and circulars, could

not be supported by experiments with nutrient solutions having known
and controlled degrees of acidity.
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On the alkaline side of soil reaction, which is widespread in the state

(see fig. 15), the hazards of growing plants are more clearly manifested.
"While moderate degrees of alkalinitj^ do not seem to harm roots directly,

certain indirect effects may become of much concern to the grower;
namely, decreased availabilities of phosphates and of iron in the presence
of lime excesses, and possibly the precipitation of such micronutrient
elements as zinc, copper, and manganese.

The leaves of some plants when growing in soils containing excess

lime become more or less yellow—a condition caused by iron deficiency

and known as lime-induced chlorosis. Lime in excess interferes with the

absorption and utilization of iron by the plant, even though the soil

contains (as it often does) an abundance of iron. The more common com-
mercially cultivated susceptible trees are the pear, apple, quince, peach,

apricot, prune, plum, cherry, orange, lemon.^" A lime content of 1.0

per cent or more is likely to cause chlorosis of certain trees, especially

pear trees, and a content of 0.5 to 1.0 per cent may be viewed with sus-

picion.

The only practical, immediate cure for lime-induced chlorosis is to

apply iron in suitable form and amount directly to the plant. Four suc-

cessful methods may be used : first, trench application, by which soluble

iron salts are strewn along the bottom of trenches one to two feet deep
around the tree ; second, spraying of iron solutions on the leaves of the

trees; third, injecting solutions of iron salts into the trunk; and fourth,

placing dry, soluble iron salts in holes bored in live wood and subsequently

sealing the opening with a suitable wax.
When correct treatment is applied, the effect is evident in the first

year in a heavier set of fruit, amounting to as much as 100 per cent

increase over that of untreated trees. In the second and third years,

chlorosis gradually shows again and treatment has to be repeated.

Since 1918, many tests for sulfur deficiency have been conducted on
alfalfa and other crops. Remarkable responses followed the addition of

sulfur, or sulfur and lime, or gypsum to many soil types in Humboldt,
Mendocino, Tehama, and Yuba Counties and the sandier soils in Stanis-

laus and Merced Counties. In Butte, Shasta, Siskiyou, Lassen, and Modoc
Counties, definite, and often marked, responses occurred in alfalfa and
in irrigated pastures consisting mainly of Ladino clover.

In the southern part of the state no sulfur deficiencies have been
found with subtropical crops. Probably the continued supply provided
by the sulfate of irrigation waters and the sulfur contained in various
insecticides and commercial fertilizers satisfy the needs of the plants. On
the nonirrigated, reddish upland soils (Sespi series) of Ventura County,
however, bur-clover pastures benefited greatly from sulfur applications.

DISCOVERY OF MICRONUTRIENT ELEMENTS, AN AWARD
TO RESEARCH

Some years agu. observations began to indicate that the classical and
time-honored list of the ten essential elements (carbon, oxygen, and
hydrogen from air and water ; nitrogen, potassium, phosphorus, calcium,

magnesium, sulfur, and iron from soil) is incomplete, and that addi-

tional chemical elements are indispensable to plant life. Those discovered

in a number of pioneering investigations conducted by the university and

"Also almond and walnut.



1051
]

EXPLORING THE SOILS—JENNY 65

by otlioi- institutions aro zinc, copper, manfraneso. boi-on, and, Xi'vy

recently, molybdenuiii. Tlie <listin}j:uishin«; feature connnon to tliese ele-

ments is that, unlike all but iron on the classical list, they are require<l

by the plant in exceedingly small auKuints. Thus, the amounts ol" molybde-

num necessary to insure satisfactory <2:rowth of plants in nutrient solu-

tions are as small as one i)art of molybdenum in a hundred million parts

of water.

The extremely low order of magnitude of the requirements of micro-

nutrient elements by hip:her plants and the exaetinf? technical procedures

neces.sary for their study iu the laboratory may lead one to question

whether deficiencies of micronutrients are ever likely to be encountered

in the field, in plants grown in soil. The answer is emphatically yes.

In 1931 and 1032, four <rroups of workers, one of them at the univer-

sity, discovered independently that treatment with zinc will cure a serious

orcliard disease that occurs from Florida westward through the Gulf

states. Texas, Arizona, and California, and northward at least to the

Canadian line. Many millions of dollars' worth of land otherwise excellent

for orchards are almost worthless for this crop unless zinc is supplied to

prevent or cure the disease. On the pecan and the apple it is called

rosette ; on the citrus fruits, mottle leaf ; on the walnut, yellows ; and on
grapevines, stone-fruit trees, and some other trees, little-leaf.

All orchard and ornamental trees and shrubs grown in the valleys

of California seem to show injury if the zinc deficiency is great enough,

but differences in susceptibility are large. The most susceptible tree seems

to be the sweet cherry, which may die from insufficient zinc where trees

of all other kinds are healthy. Then following, roughly in order of sus-

ceptibility, are the apple, tlie Japanese plum, possibly the European
plum, the peach, the walnut, the apricot, the avocado, citrus fruits, some
varieties of grapes, the fig.'

^

In California, soils on which trees are most apt to show zinc defi-

ciency are sandy or gravelly. Trees on compact clayey soils rarely show
it except Avhere there have been old corrals, or where there has been heavy

manuring as for hotbeds or truck growing, or where there have been

Indian camps.
Many of the .soils on which trees die unless treated are exceptionally

good for annual plants and alfalfa. Apparently we have here a reversal

of the condition encountered with phosphates.

Soils containing zinc sometimes fail to supply enough for trees.

Analyses shoAved that there were more than 3.000 pounds of zinc per acre

in one soil which produced strong zinc-deficiency symptoms in trees. Yet,

during seven years of growth this orchard had removed little more than

one-half pound of zinc to the acre in roots, tops, and fruits.

Soil treatments tend to be more effective the nearer the zinc com-
pound is placed to the trunk of the tree. In a soil with low fixing power
for zinc, 1,000 pounds of zinc sulfate to the acre spread over all the soil

cured nearly all the trees and kept them healthy for about three years;

but 300 pounds to the acre all within two feet of the trunks was more
uniformly effective and the benefit lasted as long.

Many soils have so high a fixing power for zinc that zinc treatments

by way of the soil become ineffective. According to laboratory studies, the

"Also the almond, the pear, and the pecan.
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fixing power of certain types of soils for zinc appears to be closely cor-

related -with the type of minerals they contain. Minerals containing

magnesium, and kaolinitic colloids, were r(»ttiui to he especially effective

in rendering zinc unavailable.

Experience in treating treos aboveground by spraying (10 pounds

of zinc sulfate with half as nuich hydrated lime in 100 gallons of water),

or by driving pieces of zinc into them, shows that without any change in

the soil or in the supply of zinc to the roots of zinc-deficient trees these

roots are capable of supporting at once a strong growth in the top. For
exam})le, in March, 1934, grapefruit trees were sprayed wdth zinc. The

crop on the unsprayed trees amounted to 56 pounds each; that on the

sprayed trees, from blossoms that opened only a few weeks after the

spraying, 477 pounds each, and the individual fruits were 66 per cent

larger, the yield being expressive of the greatly increased and healthy

foliage. In one whole orchard, about thirty acres of mature navel orange

trees, the crop harvested the first autumn after a January spraying with

zinc was said by the owner to be six times as large as the orchard had ever

yielded before.' Kesults almost as striking have followed dormant spray-

ing of deciduous fruit trees with zinc sulfate. In a large number of dis-

tricts in the Sacramento, San Joaquin, and other Valleys, and notably in

the citrus belt, orchards are now regularly treated with zinc.

Alfalfa grown in pots on a Hanford sandy loam from the vicinity

of Santa Ana was found to be responsive to additions of manganese. In

culture solutions and in sand cultures, symptoms of manganese deficiency

could be induced in citrus leaves, in which they show a close resemblance

to the symptoms of the early stages of zinc deficiency (mottle-leaf). Man-
ganese-deficiency symptoms have been observed widely on citrus and

walnuts and sometimes on peaches and apricots in the southern part of the

state ; also on almond, apple, pear, cherry, plum, prune.^^

In many localities throughout the state, citrus, apple, and pear ^^

suffer from exanthema, a disorder caused by copper deficiency. The
disease is being combated by spraying. Very small doses, as little as one-

fourth gram per tree, have restored normal growth.

Boron deficiency has been observed in some trunk crops, apple trees,

and numerous olive trees, in the latter especially when grown on the Aiken

soils.^^

1- Sprays are now being used.
" Also plum, walnut, and olive.
^* It also occurs on the pear, plum, and walnut.



COMMERCIAL FERTILIZERS
By William E. Vku Tlanck

Commercial fertilizers, as defined iu Section 1022 of the Agricultural

Code of California, are substances and mixtures of substances contain-

ing 5 percent or more of nitrogen, available pliospliorus pentoxide, or

jiotassium oxide soluble in distilled water, singly, collectively, or in com-

bination, except manures, hays, straws, peat, and leaf mold. INIanures

are classified separately for the purpose of controlling sales.

Conventionally the total nitrogen content of a fertilizing material

is designated by th(^ syinliol X. Usually nitrogen is further designated

as nitric nitrogen, amnionic nitrogen, and organic nitrogen. The symbol
P signifies the percent of available P2O5 (soluble in ammonium citrate),

and the symbol K signifies the equivalent percent of water-soluble KoO.
Commercial fertilizers comprise one of five classes of fertilizing

materials defined by the Agricultural Code. This body of law, which is

administered by the State Bureau of Chemistry, is intended to protect

the consumer from worthless or harmful materials. The requirements of

the law difTer in detail for each class of fertilizing material, but included
among tlie regulations covering the sale of commercial fertilizers are the

folloAving

:

1. Each lot or parcel offered for sale must bear a label with the fol-

lowing information

:

a. Name or brand name of the product.

b. Name and address of producer, importer, or dealer.

c. Place of manufacture.
d. Chemical analysis.

2. E\ery producer, manufacturer, or importer must obtain a cer-

tificate authorizing the registrant to sell commercial fertilizers.

3. The Bureau of Chemistry is authorized to take samples and make
tests to determine if the commercial fertilizer conforms to the

guarantee.

4. A tonnage tax on .sales and registration fees are autliorized.

In 1949 sales of commercial fertilizer in California amounted to

511,4GU tons containing 9:3,120 tons of nitrogen, 45,670 tons of available

PoO.-„ and the equivalent of 10.300 tons of K2O, or a total of 149,090
tons of plant food. The following table ^ indicates the relative quantities
of materials sold as commercial fei-filizers in California during 1949.

Altiiough materials containing a single plant food are used in
appi-eciable quantities, most commercial fertilizers contain two or three
plant foods. Such a fertilizer may be a chemical compound or a mixture
containing several of tlie materials enumerated above. Mixed fertilizers,

which are intended to sui)ply the total ]dant food requirements of a
particular soil, sometimes contain inert material in addition to the active

ingredients. This may be a soil conditioner such as ground gypsum or
limestone, a carrier, (jr a diluent such as sand or earth. Mixed fertilizers

are usually prepared close to the consumer.
The grade of a mixed fertilizer is custonmrily designated by a

formula such as 10-10-5 in which the first figure indicates the percent of

'Based on data in Fertilizing materials: California Dept. Agr., Special Pub. 23C,
1949.
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Commercial fertilizers—1949.

Material

Mixed fertilizers, dry
Ammonium sulfate

Single superphosphate
Ammonium nitrate

Ammonium phosphate-sulfate

Liquid fertilizers

Calcium nitrate

Organic fertilizers

Ammonium phosphate
Urea
Sodium nitrate

Calcium cyanamide
Potassiuni salts

All others

Total

Short tons

511,640

Percent by weight
of total

154,787
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during- VJVJ was 1»)..*>1 porecnt ainiiionic nitro^M-ii ami 10.78 percent nitric

nitrop:en. totalling 'V.lbS percent. Agricultural ammonium nitrate is

mixed with grounci limestone or ammonium sulfate because of the hygro-

scopic and explosive properties of the pure salt. It is made by reacting

nitric acid with ammonia:

UNO:, 4- NII3 -^ NH4NO3

The ammonium nitrate is recovered from the solution by evapora-

tion and granulated. The Hercules Powder Comjiany produces some at

Hercules, California. Much of that used in California is "Nitrapills"

made by the Consolidated ]\rining and Smelting Company at Trail, Brit-

ish Columbia. This granular product is made in a tower by spraying

an ammonium nitrate solution downward against a rising current of air.

Urea. The urea of commerce is a manufactured organic chemical

having the formula XlIi.-CO-XIIo. Natural urea is an ingredient of

manure. The pure material is a soluble white crystalline powder contain-

ing 46.7 percent nitrogen, more than most other common compounds.

The urea used in California for agricultural purposes is "Uramon"
manufactured by the DuPont Company at Belle, "West Virginia, and it

contains 42 percent nitrogen. Urea is manufactured by reacting anhy-

drous ammonia with carbon dioxide and water in an autoclave at 100

atmosphere pressure and 190° C. The reaction takes place in two stages

:

COo + 2X11.3 -* XIL.CO2NH4 (ammonium carbamate)

NH0CO.NII4 -^ XHo-CO-NHa (urea) + IToO.

The reaction which is about 80 percent complete, takes several hours.

Calcium Nitrate. Calcium nitrate (Ca(N0:{)2) is prepared by
neutralizing nitric acid with limestone:

C'dCCh + 211XOh -^ Ca(X03)2 + CO2 + HoO

The calcium nitrate preci])itate is granulated and usually mixed
with ammonium nitrate to reduce caking. Calcium nitrate is imported
from Norway, and the material sold in California contains 14.7 percent

nitric nitrogen and 0.8 percent ammonic nitrogen.

Sodium Nitrate. Sodium nitrate (X^'aXOa) a soluble, somew^hat

hygroscopic, white salt, is prepared from natural nitrate deposits in

Chile. Formerly sodium nitrate was an important source of nitrogen,

but its use has declined in recent years. Artificial sodium nitrate is not
used as a cominercial fertilizer in California. In Chile the crude ore or

caliche. Avhich contains between 5 and 30 percent sodium nitrate, is first

leached with hot unsaturated liquor. The nitrate-ricli liquor is then
chilled, and the sodium nitrate crystals that form are recovered from
the mother liquor with Dorr thickeners. A non-caking product is made
by melting and spraying the crystals. In this way tiny pellets with a
glazed surface are formed. Sodium nitrate sold in California contains

16 percent nitric nitrogen.

Calcium Cyanamide. Calcium cyanamide (CaCN2) is a powdery
black material that has some use as a fertilizer. That sold in California

contains between 20 and 22 percent nitrogen. It is manufactured at

X^iagara Falls, Ontario, by treating finely ground calcium carbide (CaC2)
with nitrogen at a temperature of from 1600° to 1800° F

:

CaCo + N2 -^ CaCNn + C
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The reaction, which is exothermic, takes place in a firebrick-lined

steel shell of 1600 pounds capacity. The heat necessary to start it is

provided by an electric resistance element placed in the center of the

charge. Twenty to 40 hours are required to complete the reaction. The
product is crushed and ground, sprayed with Avater to remove traces of

calcium carbide, and treated with oil to reduce dustiness. Much of the

calcium cyanamide produced at Niagara Falls is used to make organic

chemicals.

Agricultural Ammonia. Agricultural ammonia, the most concen-

trated of all the nitrogen-bearing commercial fertilizers, is produced by
the Shell Chemical Company at Shell Point, California. It contains 81

percent ainmonic nitrogen, and it is employed hy mixing it with the

irrigation water or bj' injecting the gas into the soil with special equip-

ment.
Phosphorous Compounds. Almost all phosphorus-bearing commer-

cial fertilizers are manufactured from Avestern phosphate rock, a mate-
rial commonly considered to have the formula (CaF)Ca4(P04)3.
Untreated phosphate rock is generally considered too low in available

P2O5 for use as a commercial fertilizer, and several methods of making
the phosphorus available have been perfected.

For agricultural purposes phosphate compounds are classified

according to their solubility. "Water-soluble compounds, which are

available to plants, include monoealcium phosphate (CaH4(P04)2),
monammonium phosphate (NH4noP04), diammonium phosphate

( (NH4)2HP04), and some organic phosphates. Insoluble compounds,
that are not available to plants, include the tricalcium phosphate
(Ca3(P04)2) present in phosphate rock, the mineral apatite, and the

phosphate in bones. Plants are able to make use of some phosphate com-
pounds that are not soluble in water. It happens that solubility in ammo-
nium citrate is an empirical test of the availability of phosphate com-
pounds to plants, and ammonium citrate-soluble phosphate is called

available phosphate. Those compounds insoluble in water but soluble in

ammonium citrate include dicalcium phosphate (CaHP04) and the

phosphate present in basic slag and fused phosphate rock.

Phosphoric acid, made either by treating phosphate rock with
sulfuric acid or in electric or blast furnaces, has some application as a

liquid commercial fertilizer. That sold in California contains 52 percent
available P2O5. Much larger quantities are used in the manufacture of

other phosphate fertilizers.

Single or normal superphosphate is the oldest of the processed phos-
phates and is still the most important. It is made by treating ground phos-

phate rock with sulfuric acid

:

2((CaF)Ca4(PO00+7H2SO4-fl7H:2O^ 3CaH4(P04)2H=0 + 2HF + 7CaSO*-2Hi;0
Phosphate rock monoealcium phosphate gypsum

The hydrogen fluoride reacts with silica and water to form fluosilicic acid

(HoSiFc) ; this is sometimes recovered. The final product is a mixture of

monoealcium phosphate and artificial gypsum with some dicalcium phos-

phate and a trace of free phosphoric acid.

Much single superphosphate is made by the Den process, a batch
process in which the mixed ingredients are dumped into a brick or con-

crete
'

' den '

' of 100 tons capacity or more. After staj'ing in the
'

' den '

' for



1951] COMMERCIAL KERTILIZEKS—VER PLANCK 71

from 6 to 24 hours the material may be cured by leaving it in stock piles

for up to 10 weeks. In an alternate method tlie material from the "den"
is grainilated and conditioned by water sj)rayin<r followed by drying. The
conditioning is followed by a curing period of oidy 10 days.

A continuous jirocess is used at a few plants. The reaction takes place

in a tower into which phosphate rock is introduced as dust and sulfuric

acid as a fine si)ray. Tlie reacted materials are withdrawn from the base

of the tower in the form of a thin slurry. It is conditioned mechanically

and further cured in stock piles.

Single superphosphate, because of dilution with gypsum, contains

but little more than 18 percent available Pi.O.-,. The gypsum has, however,

some value as a soil conditioner. Plants manufacturing single sujierphos-

phate in California are located at Richmond and at A^crnon.

Triple superphosphate is a much more concentrated material con-

taining from 42 to 46 percent available PoO.-,. It consists almost entirely

of monocnlcium phosphate. Phosphate rock is treated with phosphoric

acid in processes similar to those used for making single superphosate

:

(CaF)Ca4(P04)3 + TII^PO^ + 511,0^ 5Call4(P04)2n20 + HF
Triple superphosphate plants are located outside of California close to

supplies of raw materials.

Ammonium phosphate fertilizers are manufactured by the Consoli-

dated ]Mining and Smelting Company at Trail, British Columbia. One
])roiiuct is made by neutralizing phosphoric acid with anhydrous
annnonia

:

H:!pOi -f- NII;j-^ XIT.1II2PO1 (monoammonium phosphate)

The slui-ry of ammonium phosphate that forms is granulated and dried

for shipment. This product, containing 11 percent ammonic nitrogen and
48 percent available P2O.-,. is known as 11-48-0 ammonium phosphate.

A second product is called ammonium phosphate-sulfate or 16-20-0

ammonium phospiiate. It is made by a process like that used to produce
11-48-0 ammonium phosphate except that a mixture of phosphoric acid

and sulfuric acid is neutralized with ammonia. Some ammonium sulfate

is added to the acids before neutralization.

Pofasfitum. The potassium of commercial fertilizers used in Cali-

fornia is almost entirely potassium salts manufactured by the American
Potash and Chemical Corporation from the complex brine of Searles

Lake, S;ni Pernardiiio County. Treatment of the Searles T^ake brine is

discussed in the section on the minerals of commei-cial fertilizers. Potas-

siiun sulfate containing 51 percent equivalent KoO and potassium

chloride containing 60 percent equivalent K2O are produced. Most of

the agricultural potassium finds its way into mixed fertilizers, but some
potassium chloride^ and potassium sulfate are used alone.

Although Searles Lake is the principal current source of potash in

California, a Bay area producer markets a potash-bearing material made
from cement mill dust. Most of the nmterial comes from dum])s at the

Henry Cowell Lime and Cement Company plant at Cowell. Contra Costa

County, but some is obtained from the Santa Cruz Portland Cement
Company plant at Davenport, Santa Cruz County. The product is guar-

anteed to contain 2 percent equivalent K._.0 although some specimens
contain as much as 15 percent equivalent K2(.).
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Organic Fertilizers. Organic fertilizers include several processed
waste materials, many of which are intended primarily for animal feed.

They are eoniparatively low in plant food. Slaughter house products
include blood meal, bone meal, and tankage. Blood meal, which contains

about 13 percent nitrogen, is made by cooking blood until it has
coagulated. The solids, after separation from the liquid, are dried and
powdered. Bones are cooked to remove grease, crushed, and powdered
to form bone meal containing 1 percent nitrogen and up to 16 ])ercent

available P20r,. Tankage, a brown meal containing 7 to 9 percent nitrogen

and 1 to 3 percent available P2O5 is prepared from meat scraps, intestines,

hoofs, bones, condemned carcasses, and similar waste. These substances

are first cooked with steam to remove grease and tallow. The solids are

then ground and washed with naptha to remove any remaining grease.

Pish meal, prepared in a similar way from fish scraps, contains about 10

percent nitrogeii and from 4 to 8 percent available P2O5.

Seed meal is pomace or the pulp remaining after the oil has been
pressed from cotton seeds, castor beans, soy beans, peanuts, or apricot

kernels. It contains up to 7 percent nitrogen, 1 to 3 percent available

P20.r„ and up to 2 percent equivalent KoO.
Included with the commercial fertilizers is guano. Bat guano contains

about 10 percent nitrogen, 3 percent available P2O5, and 1| percent

equivalent KoO.
Activated sewage sludge which may contain up to 6 percent nitrogen

and 2 percent available P2O5, qualifies as a commercial fertilizer. Sewage
sludge is, however, discussed in more detail in the section on agricultural

minerals.
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INTRODUCTION

California possesses adetiiiate reserves of some of the raw materials

used in commercial fertilizers but is dependent on out of state sources

for other important materials. For phosphates, California is entirely

dependent on pliosphate rock broujjht in from Wyominjr. Idaho, and

Montana. For nitrogen compounds, the entire world depends largely on

atmospheric nitrogen fixed by artificial means. Three ammonia plants

in the San Francisco Bay area sui)iily a larg(^ iiart of California's rc(iuire-

ments. California production of potash is far in excess of consumption.

The state's output, which amounts to between 10 and 15 percent of the

total Ignited States production of potash, is from a single plant at Searles

Lake, San P>ernardino County.

NITRATES

No commercial deposits of natural nitrogen compounds have been

found in California, althougli traces of sodium nitrate occur in certain

playas and in efflorescent deposits throughout the southeastern desert.

An exhaustive search of these occurrences, undertaken during World
^Yar I and in following years, failed to find commercial deposits. No
further work was done during "World "War TT when there was a shortage

of nitrogen compounds.
The present most important source of nitrogen compounds is syn-

thetic ammonia (NH.i). In the presence of a catalyst and under proper

conditions of pressure and temperature hydrogen is made to combine

with nitrogen. Two of the three California plants obtain hydrogen from

natural gas ; the third uses by-product hydrogen from the electrolysis of

salt. Ammonium sulfate and ammonium nitrate are made from synthetic

ammonia in the San Francisco F)ay area, and a small amount of ammo-
nium sulfate is produced at Fontana, San Bernardino County, as a

byproduct of coke manufacture. Imports of ammonium sulfate, ammo-
nium nitrate, and calcium cyanamide (CaCNj) come from Canada; and
calcium nitrate comes from Norway. Natural sodium nitrate is imported

from Chile although in smaller quantities than before World War II.

PHOSPHATES^

Occurrences of phosphates are known in California, but commercial

deposits have not been developed.

Phosphorus in the crust of the earth is involved in a complex geologic

(•vclt\ several stages of which ai-«' represent^^d by coiumercial deposits of

> The section on phosphates Is essentiaUy a direct quotation from Uraun, L. T.,

Phosphate.-^, in Mineral Commoditie.-* of California: Calif. Div. Mines Bull. IfiO, pp.

189-192, HtSO. Certain parts of Mr. Braun's article having n<> direct bearing on com-
mercial fertili/ers have been condensed and rearranged.

(73)
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phosphates. This cycle begins with the entry of niagmatic phosphorus
into the minerals of igneous rocks, principally apatite (CaioF2(P04)6)-
A few deposits of apatite occur in sufficient concentrations and quantity

to be economic sources of apatite. The cycle is continued when phos-

phorous, leached from crystalline rock by weathering, enters the soil as

phosphoric acid. Much of this phosphoric acid is absorbed by plants and
in turn by animals. Some of these animals, notably bats, sea birds, and
seals, contribute to guano deposits which are an important source of

phosphate.

Ultimately most of the phosphorus reaches the sea and is deposited

in marine sediments. The factors involved in marine phosphate deposi-

tion are not completely understood. Marine organic agencies undoubtedly
play a part, but direct chemical precipitation is also believed possible.

Marine beds ranging from slightly phosphatic marls and limestones to

phosphate rock containing as much as 90 percent tri-calcium phosphate
have been deposited over large areas. A deposit of this type is represented

by the Permian Phosphoria formation which is exposed in portions of

Utah, Wyoming, Idaho, and Montana. Concentrations of phosphate rock

in this formation are the source of the phosphate processed and consumed
in California. At the present time phosphate rock containing over 65

percent tri-calcium phosphate is considereded workable.

Phosphate rock is composed almost entirely of collophane, a carbo-

nated calcium phosphate. Collophane is considered by Kogers^ to be an
amorphous mineraloid of fairly definite composition; Frondel^ believes

that collophane is a submicrocrystalline variety of apatite.

Under certain conditions low grade phosphatic limestones may be

weathered in such a manner that calcium carbonate is removed in solu-

tion, and residual deposits of phosjihate rock accumulate. The Florida

deposits, from which two-thirds of the United States production and
almost half of the world production are derived, are an example of a

residual deposit, in part reworked.
Under other conditions surface waters may leach phosphate accumu-

lations and redeposit the phosphate at lower levels, enriching pre-existing

deposits or forming new ones. The guano deposits of the Pacific islands

have been leached in this manner, and commercial phosphate deposits

have been formed in the underlying coral limestone. To complete the

phosphorous cycle, marine beds may be buried and metamorphosed to

again form crystalline apatite.

In California grains of apatite occur in igneous rocks, notably in

1h()sp of the San Gabriel Mountains. Nodules and pellets of collophane
are found in Tertiary marine sediments and in sediments forming at

the present time off the California coast. The presence of these nodules
indicates that commercial deposits of phosphate rock might possibly be
found in the Tertiary sediments of the state.

Ill the Carmel Valle}^, two poorly defined phosphate-bearing beds
occur in Miocene shale. The beds, which are about half a mile apart, vary
from 6 inches to 1 foot in thickness and are composed of pellets that may
be microcopi'olites. Collophane oolites or pellets are often found in the

IMiocene sediments of the soutliern San Joaquin Valley and the Los

2 Rogers, A. F., Collophane, a inuoh neglected mineral: Am. Jour. Sci., 5th ser.,
vol. 3, no. 16, pp. 269-276, 1922.

3 Prondel, Clifford, Mineralogy of the calcium phosphate in Insular phosphate rock :

Am. Mineralogist, vol. 28, pp. 215-232, 1943.
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A)ij,'ele.s basin. Minute (luantitios of sodium i)lH)spluito (Na:,PO0 are

present in tlie brine of Searles Lake.

Plants for c<nivertin^' piiosi)bate roek to superphosphate (CallJ^Os)

are hK'atecl ai Rieliinond and Vernon, r'alii'ornia. A plant at Pernianente

produces "Tlienno-Phos," a material composed of fused western phos-

phate rock and California serpentine. In addition, large (luantities of

superphosphate and prepared phosphate fertilizers are brou^'iit in from

outside of the state.
POTASH *

The term "potash" or "actual potash," as used conuiiercially, siy-

nities the equivalent KoO content of a potassium salt. For statistical pur-

poses, potassium compounds are ordinarily converted to the equivalent

amount of K:.0. Loosely used, potash implies potassium salts in general.

Potassium in small amounts is a widespread element. It is present iu

the common rock-forming minerals such as orthoclase (KAlSisOs) and

muscovite (H2KAI3 (8104)3). The waters of the sea and many saline

lakes contain potassium. Both marine and land plants contain recoverable

amounts. Potash becomes concentrated in the waste products of some

industrial processes and at times has been recovered. The present most

important sources are brines and buried deposits of soluble potash min-

erals.

Soluble salts of potassium are derived from the weathering of rock-

forming minerals. Carbonic acid, formed by carbon dioxide of the atmos-

phere, attacks feldspars and produces carbonates. Although the process

is probably complex, a representative reaction can be conveniently pic-

tured as follows

:

KAlSisOs (orthoclase) -f H2CO3 ^ K2CO3 + kaolinite

Similarly the weathering of sulfides, particularly pyrite, produces

soluble sulfates. The weathering of rocks does not produce the quantity of

borates and chlorides found in some waters, and it is thought that they are

derived at least in part from volcanic activity. Another source of chlorides

is the sea water that has been trapped in the interstices of marine sedi-

ments.

These soluble products dissolve in ground water and find their way to

the sea or to undrained basins. Average sea water contains 0.037 percent

potassium.'"' Concentrations in saline lakes may be much greater.

Saline lakes may be arms of the sea that have been cut off such as the

prehistoric body of water that occupied the Salton basin, or undrained

basins such as the California playas where evaporation approximates the

amount of water flowing in. Chemically no two saline lakes are exactly

alike.

When a quantity of sea water is evaporated the disolved salts precip-

itate approximately in inverse order of their solubilities. Calcium and

magnesium carbonates precipitate first. They are followed by ferric oxide,

calcium sulfate, sodium chloride, magnesium sulfate, and magnesium

chloride. The remaining liquid, which amounts to l.G percent of the orig-

4 ver Planck, ^V. E., Jr., Potassium salts in Mineral commodities of California :

California Div. Mines Bull. 150, pp. 236-242, 19.-,0. ,00 -c ,i
' Armstrong, E. F., and Miall, L. M., Raw materials from the sea, p. 132, Brooklyn,

Cliemical Publishing Company, 1936.
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iiial volume is a hitteni containing the very soluble salts of potassium,
sodium, aud maguesium."

The precipitation of a salt is greatlj'- influenced by temperature, con-
centration, and the presence of other salts. This fact is particularly pro-
nounced with those salts which remain in the bittern. Not only will there
be a different order of precipitation for different brines, but the order may
be dilferent for the same brine if conditions vary.'^

Saline deposits form by tlie evaporation of saline water in arid
regions. They are forming today in the deserts of southeastern California,
and similar deposits are Imown to have formed in the geologic past. The
desiccation of a saline lake results in a playa. Most of the California playas
are filled almost entirely with mud aud are covered Avith an efflorescent

crust of mixed salts, but some plaj^as contain beds of a pure salt or mixed
salts. Searles Lake is such a playa.

A single cj'cle of evaporation would account for the salines found in
the playas, but for the thick deposits of relatively pure potash such as
those found in New Mexico and Germany, no completely satisfactory
explanation has yet been proposed.

Searle Lake, one of the most interesting saline deposits in California,
is a pla3-a in Avhich water stands above the surface only after heavy rains.
During Pleistocene time it was part of an integrated drainage system that
included Owens River, Owens Lake, Searles Lake, Panamint Valley and
probably Death Valley.^

Today Searles Lake is a vast flat of mud and. sand mixed with salts

;

in its center is a porous crystal body having an area of 13 square miles.
The composition of the upper salt body, which averages 70 feet thick, is

not uniform. In one bore hole near the center of the lake the following
salts were encountered -.^

0-15 ft: Halite (NaCl)
15-20 ft: Halite, hanksite, (9Na2S04-2Na2C03KCl)

and trona (Na.COsNaHCOs^HaO)
20-25 ft : Mostly hauksite
25-40 ft : Hanksite, halite, trona, and borax (NaaBiOrlOHsO)
40-75 ft : Hanksite, halite, trona, borax, and glaserite (SKcROi-NaoSOj)

In other holes the same salts are found but in dilferent proportions. A
lower salt body, separated from the upper by a layer of impervious mud,
was discovered in. 1946. The lower salt contains less potash but more car-

bonate and borate than the upper salt. Neither the crystal bodies nor the

brines with which they are saturated contain calcium or magnesium salts.

From the upper brine the American Potash and Chemical Corpora-

tion obtains potassium chloride, potassium sulfate, borax, boric acid, soda

ash, salt cake, lithium salt, bromine, and bromine salts. Soda ash is also

obtained from the lower brine in a separate operation. The successful

treatment of the upper brine is a triumph of chemical engineering.^*'

« Clarke, F. W., The data of geochemistry : U. S. Geol. Survey Bull. 770, pp. 219-221,
1924.

' Grabau, A. W., Principles of salt deposition, pp 61-75, 1st ed., New York, McGraw-
Hill Book Company, Inc., 1920.

^ Gale, H. S., Salines in the Owens, Searles, and Panamint basins, southeastern
California : U. S. Geol. Survey, Bull. 580, pp. 251-323, 1913.

" Teeple, J. E., The industrial development of Searles Lake brine, pp. 15-16, New
York, Chemical Catalog Co., 1929.

'" Teeple, J. E.. The industrial development of Searles Lake brine, p. 18, New York,
Chemical Catalog Co., 1929.



] 051
]

MINERALS OF COMMKRCIAL FERTILIZERS—VER PLANCK
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ABSTRACT

"Agrieullui al iiiiiici'als" me niiiicial siil)>-lancrs, iiiixlurcs ol' iiiiiicial siihstancos,

and niixtnn's of mineral and oru:anic siibslancrs used for )iromotini; or slitnulating

iIh' growth of plants, increasing the proiinL-ti\ cni-ss of plants, improving the (juality

of crops, or producing any chemical or physical change in the soil, and which contain
less than ;"» percent of nitrogen, available phosphoric acid, or water solulde jxitash.

Ai»proximately r»(M),()(M) tons of agricultural minerals, valued at $0,tt(K).()(M) are used
each year in California. Kach iiroduct must be registered with the State Depart ment
of Agriculture, Bureau of Chemistry, before being otleicd for .sale. Each lot or con-
t.iincr must show the name and percentage of each constituent of agricultural value
claimed to be therein. Samples of materials on the m.irket are dr.nvn and analyzed to
determine the conformity of composition with that guaranteed i>m the label.

INTRODUCTION

(.'alil'oniia i'ai'iners spent appi'oxiinatelx- $(),()()(),()<)() in 1!)4S IVii-

500,000 tons of ajii-ieiiltiifal niinoials. Diii-iiig' the same period tliey spent
ap])i-oxiniately $42,000,000 for 500,000 tons of commercial fertilizers,

ami it is estimated that $20,000,000 was spent for pest control materials.
Tlie importance of ajiriciiltufal cliemieais to California's agriculture

is rellected in tiie i)rovisions of the Agricultural Code pertaining to the
registration, labeling, and sale of these products. The law serves to

screen out agricultural minerals which are detrimental or injurious to

l)lants when applied as directed, or which are known to be of little or
Jio value for the purpose for which they are intended, or products for
which false or misleading claims are made or implied. It forbids mis-
representation in connection with the sale of agricultural minerals, and
provides for inspection, sampling, and analysis of materials found offered
for sale to determine how the compositions of the materials conform to

the guaranteed analyses under which they are sold. The service is self-

supporting by means of registration fees and tonnage license taxes.
The lUireau of Chemistry is essentially a law-enforcement agency.

It does not generally provide recommendations with regard to agri-
cultural problems or advice on use of fertilizing materials. Agricultural
research, recommendations, and advisory services are provided by the
Agricultural Experiment Station and the Agricultiual Extension Serv-

* Assistant Chief, Bureau of Chemistry, State Department of Agriculture.

(79)
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ice of the University of Californiti, wit]i liea(l(|iiai-teis in Berkeley,

California.

The Afi'rieultural Experiment Station publishes a monthly magazine

entitled "California Agrienlture" and a number of circulars and bul-

letins on agricultural matters particularly ])ertiuent to the soils, climates,

and crops of this state. A list of available publications may be obtained

from the Station. The Extension Service is represented in most counties

by a Farm Advisor who provides information and guidance on the agri-

cultural i)roblems of his county. The United States Department of Agri-

culture distributes Farmers' Bulletins and other publications on agricul-

ture. A list of available ])ublications may be obtained from Division of

Publications, Office of Information, U. S. Department of Agriculture,

Washington, D. C.

DEFINITIONS OF FERTILIZING MATERIALS

The Fertilizing Materials Article of the Agricultural Code of Cali-

fornia applies to any substance or mixture of substances intended to be

used for promoting or stimulating the growth of plants, increasing the

productiveness of plants, improving the quality of crops, or producing

any chemical or physical change in the soil.

The Code provides definitions of five classes of fertilizing materials

:

Commercial fertilizers are substances and mixtures of substances

containing 5 percent or more of nitrogen, available phosphoric acid, or

potash soluble in distilled water, singly, collectively, or in combination,

except manures, hays, straws, peat, and leaf mold.

Agricultural minerals are mineral substances, mixtures of mineral

substances, and mixtures of mineral and organic substances, containing

less than 5 percent in available form of nitrogen, phosphoric acid, or

potash, singly, collectively, or in combination, except sand and soil.

Manures are the excreta of domestic animals or domestic fowls when
not artificially mixed with any material or materials other than those

which have been used for bedding, sanitary, or feeding purposes for

said animals or fowls or for the preservation of manure.

Auxiliary plant chemicals are substances such as hormones, auxins,

materials for reducing pre-harvest drop of fruit, materials for promoting
rooting of cuttings, bacterial inoculants, and similar products intended

to be used for influencing plants.

Soil amendments are all other substances, and include hays, straws,

peat, leaf mold, and sand.

The term agricultural uiincral ditfers from the common term min-
eral. It includes a few simple mineral species such as gj'psum, sulphur,

apatite, and calcite. It includes some other simple compounds such as

sulphur dioxide, sulphuric acid, and calcium hydroxide. It includes

some industrial wastes such as by-product lime and uuactivated sewage
sludge, and also includes mixtures such as sulphur with limestone,

gypsum with grape pomace, and gypsum with peat moss. On the other

hand, a few true minerals are not agricultural minerals because, like

sylvite (KCH, they contain enough plant food to be classed as com-
mercial fertilizers. Furthermore, some minerals, such as talc and pyro-

phyllite, are of agricultural importance as dust diluents used for pest

control but they are not used as agricultural minerals. No accurate data
are available with regard to amounts of minerals used in pest control.
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REGISTRATION

Each aprrieuUural uiiiu'ral must be rcfjistered witli the liureau of

Chemistry before it is offered for sale in California. Repristration may be

refused if the proposed composition indicates that the material is injuri-

ous to )>lants or if it is of little or no valno foi- tlic purj^ose for which

it is intended. The proposed hibelinjr is also examined, and rejristratioii

may be refused if false or misleadiufr claims are made or implied. Repris-

tration thus serves as a screen to eliminate worthless ])roducts or pro-

posed misrepresentations before the inatei-jal is offered for sale.

Tiie repristration license fee of $•")() permits re<ristratioii of any num-
ber of products under the same firm name, and supplemental applications

for rejristration of additional products may be submitted at any time
Refristration is issued on a fis('?d-year basis, and must be renewed each

year if sale of the product is to l)e continued.

Table 1. Number of agricultural minerals registrants.
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LABELING

Each lot or container of agricultural mineral offered for sale in

California must bear a label or tag, stating

:

(1) Tbe name, if an}^, under which the material is to be sold. This

may be a common name such as "Agricultural Gypsum," a brand name
such as "Bluestar Limestone," or a coined term such as "Soilmaker."

The name should not be misleading. In general, a brand name registered

for one firm is not accepted for registration for another to avoid confus-

ing users.

(2) The name and address of the registrant firm. This should be

a complete street address unless the firm is listed in a local telephone

directory or business directory.

(3) The place of manufacture or production. The statement of the

country of production, for example, "Product of U. S. A.," is accepted

as fulfilling this requirement.

(4) A chemical analysis stating the percentages of every constitu-

ent of agricultural value claimed to be therein, and the materials from

which all of said constitutents are derived. The guaranteed analysis

should not be presented in a misleading manner. Occasionally an appli-

cant for registration proposes to show as a guaranteed analysis, a list

of equivalents and percentages reported by a commercial chemist for

one sample. In general this is not acceptable because the presentation

may be misleading to the average user. Such analytical reports com-

monly include a number of theoretical components such as "SiOo,

"

"Ti02," and "ALO.i" which are of no significant agricultural value.

It is common for such reports to show total calcium expressed as CaO
even though the material contains no quicklime nor calcium in any form
suitable for correcting soil acidity. Furthermore, elements such as iron,

copper, zinc, and manganese may be included in the report but be present

in insignificant amounts or in forms not available to plants. In general

the guaranteed analysis should be restricted to a statement of the name
and percentage of those constitutents known to be of agricultural value.

This information is sometimes printed on a tag fastened to each

sack containing the material or it is printed directly on the bag or

carton. IMuch of the gypsite mined and used in the San Joaquin Valley

is handled in loose lots. It is hauled in trucks directly from the open

pits, where it is scraped up, to the fields upon w^hich it is to be applied.

In such cases the tag bearing the necessary information is firmly attached

to a stake driven into the load so as to be plainly visible during transit

and upon delivery to the user. Some firms have also developed the

acceptable practice of including the required information on a form

which also includes the invoice and the weighmaster's certificate per-

taining to the specific load. The form is delivered to the user with the

material.

TONNAGE LICENSE TAX

The law requires each registrant to submit a quarterly statement

of sales and to pay a tonnage license tax of 10 cents per ton. This is

equivalent to one-half cent on a 100-pound sack of material. The regis-

tration fee and the tonnage license tax render administration of the law^

self-supporting.
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SAMPLING

Official samples are drawn from a'jricultural minerals found offered

for sale in the state. Section 10.S7 of tlie Af^ricultural Code provides

that if the material is paekapred in containers of less than 10 pounds,

one packa^'C of the material may he taken as a sami>le to represent the

lot of wliieh it is a part. AVlien material is paeka^^ed in containers of

ten pounds or more, each official samj)le consists of at least one pound
of material taken in the followinjr manner:

(A) Packaireil dry materials. (1) Use a sami)ler that removes a core

diagonally from end to eml of the bag. (2) Take coi-es from all hags if

20 or fewer are present. Tf 21 to 200 bags are present, take 20 cores from
as many bags. If more than 200 bags are present take cores flom 20 bags

plus 1 bag for each additional ton in excess of 10 tons. (:}) Thoroughly
mix portions on a clean rubber sheet, oil cloth, or paper, and reduce by
(piartering to (piantity of sample refpiired ; sample splitter nuiy be used to

quarter. (4) Place opposite quarters in one sample container, remainder
in another for duplicate.

(B) Dry nuiterials in bulk lots. (1) Scrape outer surface aside

before inserting sampler. (2) Take at least 20 approximately e(|ual cores

eacli from fairly evenly distributed parts of the quantity. If more than
10 tons are contained in a lot take two cores for each additional ton.

Portions may be taken with a trowel when the material contains large

lumps or when for other reason it is not possible to use a sampler.

(3) Break any lumps, mix, quarter, and place in sample containers as

provided in paragraph (A).

(C) Liquid nuiterials packaged in drums or barrels. (1) Use a

sampler that will remove a cross section from top to bottom of the con-

tainer. From each package entered place one sampler-full in each sample
container. (2) Enter all containers if fcAver than 3; at least 3 if fewer
than 10 ; and 5 if 10 or more are present.

(D) Liquid materials in large containers. To sample a liquid fer-

tilizing material which is packaged in storage tanks, railway tank cars,

or similar containers, a sample jar may be lowered into the material and
allowed to fill. If this is not possible, the sample jar may be filled from
faucet after sufficient nuiterial has flowed through faucet to clear con-

necting line.

The official sample is sealed before removal from the premises where
it was drawn. The duplicate portion is sealed and left wntli the party
whose stock was sampled or on the premises where it was drawn.

The number of samples handled each year depends somewhat upon
the amount being sold and the number of lots encountered by inspectors.

The sampling activities are also adapted according to the findings with

certain types of material or certain firms. The record of sampling is

presented in table 3.

EXAMINATION OF SAMPLES

Official samples are sent to the main laboratory at Sacramento where
they are examined and analyzed to determine if the materials conform
to the guaranteed analyses and to any other claims made for their

composition. In general most of the examinations are limited to chemical

analysis and, in some cases, determination of fineness.
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Many of the analytical methods used by the Bureau are derived from

the
'

' Official aud Tentative Methods of Analysis of the Association of Offi-

cial Agricultural Chemists.
'

' Special procedures are necessary in some

cases to avoid interference by accompanying- constituents, and from time

to time chemists in the Bureau's laboratory contribute new methods to

the technical literature of analytical chemistry.

The Bureau of Chemistry does not engage in general analytical work
for individuals. This type of service is available from commercial labor-

atories located throughout the state. According to law a user of a fertiliz-

ing material may submit to the Bureau a sample of a material to which the

law applies and request analysis to establish the conformity or noncon-

formit}^ of the sample to the guarantee under which the material is sold

or to be sold. The fee for a user's sample is $2 per constituent determined.

However, users seldom avail themselves of this privilege and prefer to

have an official sample drawn by the Bureau because no fee is charged for

official sampling.

REPORTS OF FINDINGS

A report of the findings is mailed to the registrant of the material and
to any dealer, purchaser, or user who may be interested in the particular

lot represented b}" the sample. The results of examinations are compiled

each calendar year in a publication wiiich is distributed to anyone free of

charge.

Table S. Official samples of agricultural minerals.

Year
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Table 4- Total agricultural mincralu tonnage by quarters.

85

Calendar year
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montlhs. This is i)artly due to the iaet tliat ajii-icultural uiinerals are gen-

erally applieil when the soil is being prepared for i)lanting. Relatively

small amounts are used to side-dress growing erops. Fiirtliermore much
of the tonnage of tlie San .loaipiin gypsite deposits is trucked during win-

ter months when trucks are more readily avaihible.

A segregation of t he total aiuiual tonnages accortling to type of mate-

rial is presented in table 5. Jt will be observed tliat approximately three-

({uarters of the total tonnage rei)resents gypsum. The predominance of

tills particular agricultural mineral is due in part to the fact that many
^urti^cc ileposits of gypsum are along the western edge of the San Joacpiin

Valley within trucking distance of large agricultural areas where use of

the cheap, and readily available gypsum has been found profitable. The
tonnages of "gyijsum" in table ") refer to the toniiag(^s of material sold as

an agricultural mineral. Part of the tonnage refers to high-grade material

containing CaS04 -21100, 90 percent or higher, and part of the tonnage
refers to gypsite containing CaS04 -21120, 70 percent, or lower. The true

gypsum, CaiS0r21lM(), equivalents of the tonnage data are not known but
in recent years ai)proxinuitely three-(juarters of the tonnage has been San
Joaquin gypsite containing about 70 percent and one-quarter has been
high-grade material containing 90 percent or more. Similarly, the ton-

nages of "lime," "limestone," and "sulphur" refer to gross tons sold

and not to tons of equivalent pure chemicals. Kepresentative analyses

reported by the Bureau each year provide a picture of the grades or per-

centages commonly marketed.
Although the tonnage of metallic salts reported does not appear to

be large, it has increased significantly during the last few years. This
figure includes the tonnages of aluminum sulphate, copper sulphate, iron

sulpiiate, manganese sulphate, magnesium sulpliate, and zinc sulphate.

The increased usage reflects the current general interest in micro-

nutrients.

MICRONUTRIENT PROBLEM

The three common plant foods supplied by connnercial fertilizers

are nitrogen, phosphorus, and potassium. These three elements are the

ones most commonly deficient in the agricultural soils throughout the

world, and therefore the ones most commonly applied in the form of fer-

tilizing materials. A number of other elements are of equal importance in

plant nutriti(»n, but an adequate supply of them is usually present in

most soils and additions in the form of fertilizing materials are generally

not necessary.

Soils differ greatly in different parts of the country. There appears

to be a general shortage of boron in the soils of New Jersey, for exami)le

;

and the sandy, highly-leached soils of Florida are deficient in copper, zinc,

manganese, and other elements. Few soils in California have been

reported to be deficient in any of these mieronutrients, and general appli-

cation of them to soils in this state seems not justified and possibly inju-

rious. Boron is known to be deficient in a few areas in the state and to be

present in detrimental excess in other areas. Symptoms of manganese
deficiency have been observed in a few orchards. Excess amounts of molyb-

denum in the soils of some areas have been picked up by forage plants and
injured livestock feeding on the plants.

In many places in the state, sj'mptoms of zinc deficiency have been
observed on orchard trees. The symptoms are called

'

' little leaf" on peach
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trees, pluin trees, and grape vines, and "luoltle leaf" on citrus trees. In

some cases, the soils appear to contain an abundant supply of zinc, but it

is apparently not in a form that is available to the trees growing in the

soil. Application of additional supplies of zinc compounds to the soil are

generally ineffective, and the element is niijiliod dii-cctly to the foliage in

the form of a spray.

The problem is further complicated by the observation that annual

plants may thrive in soils in which trees exhibit serious deficiency symp-
toms. It is evident that some " deficienc}^ " s.ymptoms are due to unavail-

ability of the element to the plant rather than a true shortage of the ele-

ment in the soil.

Not infrequently a firm will attempt to register as an agricultural

mineral a material such as clay, mine tailings, lignite, or a deposit from an

old lake bed. The applicant will submit as the proposed guaranteed an-

alysis a chemist's report showing small amounts of most of the common
elements found in ordinary soils. Such a guaranteed analysis is generally

not acceptable because it infers that theelements guaranteed are of agri-

cultural value, although the small amounts present or the unavailable

forms in which they are present indicates that they are of no significant

value when applied to soil.

SPECIFIC MATERIALS

Aluminum Sulphate. Aluminum sulphate is not widely used by
farmers as an agricultural mineral, but some is regularly sold in garden
and nursery trade for acidifying soil around hydrangeas, rhododendrons,

azalias, and camellias. The customary formula for the hydrated crystal-

line form is Alo (804)3 -18111.0. According to this chemical formula,

the pure crystalline compound contains aluminum expressed as metallic

8.09 percent. Analyses of official samples generally show aluminum
expressed as metallic approximately 8.00 percent to 9.50 percent, indi-

cating that the commercial material is partially dehydrated.

Tonnages sold in California in recent years have been reported as

follows

:

Calendar year Tons of Alvminum Sulphate

1946 34
1947 31
1948 27
1949 32

Alunite. Alunite is a basic hydrous sulphate of potassium and
aluminum, K2S04- Al2(S04)3-4Al(OH)3. The formula indicates that

the pure mineral contains potash, KoO, 11.37 percent, and aluminum
expressed as anhydrous aluminum sulphate 41.30 percent. The potash

is not soluble in water, but it ma}' be rendered soluble by roasting. A
sample of processed alunite anal.vzed in 1947 was found to contain water-

soluble potash 9.20 percent and aluminum expressed as anhydrous
aluminum sulphate 24.90 percent. A sample analyzed in 1948 contained

9.34 percent and 35.28 percent respectively. Strictly speaking, such a

processed alunite is not an agricultural mineral but a commercial fer-

tilizer according to the definitions of California law, because it contains

5 percent or more of water-soluble potash.

Occasionally processed alunite has been registered for small-package

sale in California, but it has never represented any significant tonnage.
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Boron Compounds. Symptoms of boron defioiency have been

observed on a number of afrrieiiltural plants in California and injury

from excess of boron in soils and inij^ation waters has also been observed.

In some states, New Jersey for example, tleliciencies are so connnon and
excesses are so rare, that mixed fertilizers generally include about 5

pounds of borax in every ton. Such jiractiee could not be followed in

California because it would lead to severe injury to .some erojjs in some
areas. The diversity of cro]>s, soils, and weather conditions in Calil'ornia

do not j)erniit general reconnnendations with regard to boron. The Agri-

enltui-al Experiment Station recommends that extreme caution be used

in making any ajiplication of boron compounds to the soil. It should

be ai)plied only to soils known to be deficient and only in the low dosages

needed for correction in the particvdar area.

In California, deficiency symptoms have been observed on apples

in El Dorado and Sonoma Counties, on olives in Butte County, and on
celery. Injury from excessive boron has been observed on peaches in

the Ilollister area and on walnuts in the Davis area.

Unlike other micronutrient elements occasionally needed by plants

in California, boron is usually applied to the soil. Apparently it is not

fixed in the soil as much as zinc, manganese, and some of the other ele-

ments are, and supplies of boron added to the soil appear to be available

to plants. Boron deficiency symptoms may therefore be due to a true

shortage of boron in the soil, in contrast to deficiency symptoms of some
other elements Avhich are often due to a lack of availability of the element
already present in the soil.

The boron compound most commonly used as an agricultural mineral
is borax, NaoB.iOv-lOILO, which contains 11.35 percent of elemental

boron. When applications are made in California, generally only a few
pounds per acre suffice. However, soils differ greatly, and in Sonoma
County as much as 10 pounds of borax were applied to the soil around
each apple tree in one treated orchard. Approximatel,y 1 pound per
tree was applied to olive trees in Butte County. It is not known Avhether

one application is sufficient in all cases or whether subsequent treatments
may he necessary.

The tonnages of borax applied to soil in California as an agricultural

material have not been large.

Year Tons of Borax

1946 67
1947 202
1948 54
1949 36

Borax and other boron compounds are also used for control of

certain kinds of weeds, particularly Klamath weed which is a pest of

pasture lands in the northern part of the state. Approximately 3

pounds of borax per hundred square feet are applied. No accurate data

are available on the total amounts of borax used for this purpose, but

it is known to exceed the tonnage reported as an agricultural mineral.

For example, 580 tons were reported to have been used for Klamath weed
in Tehama County during 1946.

Calcium Carhonatc. Liming materials for agricultui-al use may be

ground limestone, marl, or ground shells or they may be derived from
air-slaked lime, beet-sugar lime, or other similar industrial by-products.

5—34354
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The compound most commonly used is calcium carbonate in the form of

limestone or marl. Approximately 51 limestone and marl products are

registered for sale in California. The guaranteed percentages of calcium

carbonate range from 25 percent to 98 percent.

Large quantities of agricultural limestone are regularly used in

north central states to prevent soils from becoming too acid, but com-

paratively small amounts are used in California where most agricultural

soils are alkaline. The tonnages reported in California are shown in

table 6. By way of comparison, Illinois uses about 5.000,000 tons and
Iowa uses about 3,000,000 tons of agricultural limestone each year.

The fineness of agricultural limestone is a matter of some concern

where large amounts are used. The fine particles react more rapidly

than the coarse ones. Fine material is desirable where a quick action

is desired but coarse material is desirable where a lesser effect over a

long period is wanted. In general the materials used in the east are

ground to pass a 20-niesh sieve. There are no specific requirements with

regard to fineness in California. Any fineness may be sold, but if a certain

fineness is guaranteed, the material must meet the guarantee.

Table 6. Tons of agricultural limestone reported in California.

Year
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Tnhle 7. Tons of apriculturnl hydratcd Uinc and hi/produrt lime

reported in Valifornia.

Year
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Calcium Folysulphide (Lime-Sulpliur). Calcium polysulpliide is

the chief constituent of lime-sulphur solution, ^vhich is formed by heat-

ing a suspension of calcium hydroxide and elemental sulphur. Lime-
sulphur solution has been commonly used for many years as a dormant
spray for control of certain pests on fruit trees and as a dip for control

of certain parasites on livestock. Small amounts of the solution were
occasionally used as an agricultural mineral for treatment of soils about

25 years ago, but the amounts were not significant. A general interest

in use of sulphur compounds on soils became evident about 3 years ago.

No appreciable tonnage of lime-sulphur solutions was reported as an
agricultural mineral in 1946, but 2,620 tons were used in 1947, 3,728

tons in 1948, and 2,787 tons in 1949.

Lime-sulphur solutions arc uniforml}" prepared to contain calcium

polysulpliide 29 percent, equivalent to combined calcium about 6 percent,

and combined sulphur about 23 percent. The solutions are strongly alka-

line, about pH 12.5. However, when the diluted solution is applied to

the soil, it decomposes and the excess elemental sulphur is slowly oxidized

to sulphuric acid.

One gallon of lime-sulphur solution contains about 2.5 pounds of

total sulphur; about 0.6 pound of this ends up as gypsum, which is

essentially neutral in reaction, and 1.9 pounds is available for neutraliza-

tion of soil alkalinity. Therefore, addition of 1 gallon of lime-sulphur

solution to soil should give approximateh^ the same final result as adding
3.3 pounds of gypsum and 1.9 pounds of elemental sulphur.

The solutions are generally applied by being metered into the irri-

gation water. Up to 10 gallons per acre are used when irrigating grow-
ing crops and application is repeated several times a year. "Where used
as a pre-planting treatment on bare ground, 20 or 30 gallons per acre

are applied in one irrigation. Little information on the practice has
appeared in the scientific literature and apparently such usage is not

common in other states.

Clay. From time to time, some interest is shown in the possibility

of marketing a clay such as bentonite or montmorillonite for agricul-

tural use. Chemical analysis indicates that most such materials do not
contain any .significant amount of plant foods nor any other chemical
components of known agricultural value. Some clays from recent deposits

contain an appreciable amount of organic matter, and are light and
fluify materials.

No experimental data appear to have been published demonstrating

any significant effect from addition of clays to common soils. It is con-

ceivable that they might have a beneficial effect on the physical nature

of some coarse soils, improving their water-holding capacity, base-

exchange properties, or retention of plant foods, but this has not yet

been proven by laboratory or field tests.

Copper Sulphate. Some plants suffer from a deficiency of cop-

per. This has been noted in California with apple, pear, prune, and
citrus trees, but it has not been observed in annual plants in this state.

The disturbance in both deciduous trees and citrus trees is com-
monly called "dieback" or ''exanthema". It is not wholly clear whether
the deficiency is related to an actual shortage of copper in the soil or

to a fixation of copper in some form in which it is not available to plants.
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Copper sprays and dusts are widely used in California agriculture

for control of fungi on many kinds of plants. A special survey was made
in 1942 to estimate the amount of the (•opi)er compounds used as fungi-

cides in California. The data indicated that approximately 2,000 tons

of copper expressed as metallic were applied each year. It is possible

that such large, widespread, and regular applications of copper fungi-

cides may be supplying an incidental correction of incipient copper

deficiencies which would otherwise be manifested. There is no evidence

that this is actually the case, but it is interesting to note that copper

does serve a dual role in nutrition and protection of plants.

Copper fungicides are of course applied directly to the plants.

Copper compounds for alleviation of a nutritional deficiency are applied

(1) as a spray to the plant, (2) by injection into the trunk or limbs of

the tree, or (3) sometimes by application to the soil.

Accurate data are not available with regard to the tonnage of copper

used each year as a fungicide. The amounts used specifically as a ])lant

nutrient are not large, as shown hy tlie agricultural minerals tonnages

reported.
Year Tons of Copper Sulphate

1946 8
1947 64
1948 272
1949 118

Diafomite. Diatomite is also called diatomaceous earth, infusorial

earth, siliceous earth, fossil flour, and kieselguhr. It is a deposit of the

skeletons of microscopic diatoms and is chiefly silicon dioxide. Deposits

are found in many jilaces in California, and lar'_;e amounts are used in

industrial filtrations and in heat insulation.

Some interest has been shown in the possible use of diatomite as

an agricultural mineral. It does not contain any significant amount of

any plant food and there is no evidence that the material is of value

because of its chemical constituents. However, it is a very light, porous,

and powdery material and it has been used to modify the texture of

heavy, compact soils in somewhat the same manner as straw, peat, or

sand is sometimes used. A small amount was first reported as an agricul-

tural mineral in 1947, 160 tons were reported in 1948, and 636 in 1949.

Some of the material may be used by manufacturers of mixed fertilizers

as a filler or conditioner, but no data are available on tonnages so used.

Flue Dust. The dust formed in the manufacture of cement is

usually trapped by a Cottrell precipitator or similar device installed in

the flue. In some operations the recovered flue dust is fed back into the

feed system, but it may be sacked and sold as a fertilizing material. One
such product on the market is guaranteed

:

Calicum carbonate equivak'ut 50%
MaKiichium carbonate . 1%
Pdtash in wator-sulublo form 2%

Iron Sulphate. A trace of iron is essential to the development of

plants, but iron is widespread in most soils and addition of iron com-
pounds to the soil as a plant nutrient is rarely justified. Under some
circumstances, trees develop a yellow condition called chlorosis which
appears to be due to a deficiency of iron, although the trees are growing
in soils which contain normal quantities of iron. This type of disturbance
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occurs in a number of areas througliout California. It is commonly

attributed to an excess of lime in the soil, but other factors may also

be involved.
"Soils foiitaiiiiiifj an excess of liiiu' usually contain also an abundance of iron

but in a form insufficiently available to many plants. It has proven generally imprac-

ticable, thus far, to make the iron in the soil available, or to increase the amount of

available iron present by the s»irface addition of fertilizers containing iron. The
presence of excess lime in the soil (piicldy renders applied iron insoluble and unavail-

able. The only practicable, immediate cure for lime-induced chlorosis is to apply iron

in suitable form and amount directly to the plant." ^

Subsecjuent investigations by the station have shown that applica-

tion of iron sulphate to the soil has been successful on roses and shallow-

rooted shrubs in a few areas. Sprays applied directly to the foliage have

given temporary correction in some cases, but in general, injection of

iron salts directly into the trunk or limbs of the trees has been necessary

to secure correction for several seasons.

The problem is somewhat complicated by the common observation

that some species of trees are affected while others growing in the same

soil develop normally. Annual crops have not exhibited any symptoms
of iron deficiency in any area in California. Thus a cover crop in an

orchard may thrive while the trees it surrounds suffer from inability

to obtain iron from the same soil.

For some unknown reason persons not familiar with tlie available

information frequently believe that addition of iron compounds to agri-

cultural soils is exceedingly important, and many attempts have been

made to market low grade iron ores for agricultural use. Registration

cannot be issued until adequate information is available to demonstrate

that such ores have agricultural value.

Only small amounts of iron sulphate were sold as agricultural

mineral until ;i-years ago when sales increased sharply. Tonnages reported

during the past 4 years are :

Year Tons of Iron Sulphate

1!»4(> 133
1!>47 145
1<.)48 235
11)41) 196

Kelp. The plant food content of kelp is similar to that of manure.
It contains approximately nitrogen 1 percent, available phosphoric acid

1 percent, and potash 2 percent. Wlien supplies of potassium salts from
Germany were cut oft' in 1918, approximately 400,000 tons of this sea-

weed were harvested from the sea and burned to secure potash. This

was an expensive procedure, and it ceSsed as soon as normal mineral

supplies were again available.

Since then development of large domestic supplies of potash min-

erals has rendered kelp an uneconomical source of this fertilizer ingredi-

ent. However, about 60,000 tons of kelp are harvested annually in

California for production of agar, ice cream stiffener, medicinal products,

and feed for livestock. If kelp sold for agricultural use contains 5 per-

cent or more of the three primary plant foods, it is a commercial fertili-

zer; if less than 5 percent it is probably a soil amendment according to

the definitions in the law.

1 The treatment of lime-induced chlorosis with iron salts : California Agr. Exp.
Station Circ. 321, 1931.
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Magncsiuiii ('oinijoinuh. Application of magnesium coiupuuncls

siu'h as majrnesium sulphate or magnesium oxide to agricultural soil has

been found of value in eastern states. l)nt no considerable tonnage is

used in this state. "Magnesium deficiency has been I'eported in widely
scattered places over the world, hut not, so far. in California." '

Dolomitic limestone lias been used in this state. It appears to be

suitable for its neutralizing value, as any limestone would be, but there

have been no rej)orts that it is of any particular value because of its

magnesium content.

MangaiKsc Compoutah. A deficiency of manganese has been noted
on apricot, peach, walnut, and citrus trees in California. The deficiency

is sometimes corrected by sprays and sometimes by injection of manga-
nese sulphate directly into the trunk of the trees. Ap]illeati()ns to the

soil in California are apparently becoming more common according to

the tonnage data submitted for manganese sulphate sold as an agri-

cultural mineral.

Ycnr • Tons of Manganese l^iilphale

1946 250
1947 345
1948 604
1949 344

Potassium permanganate has been used as a source of soluble man-
ganese in some investigations reported in the literature, but manganese
sulphate seems to be the only manganese compound commonly used in

California for this purpose. Pure anhydrous manganese sulphate con-

tains numganese expressed as metallic 36.38 percent. The commercial
grade material is usually a mixture of hydrated crystalline forms con-

taining four or five molecules of water of hydration. Some are guaranteed
to contain manganese expressed as metallic 23 ])ercent and some 29
percent.

Peat. Peat is partially decomposed moss, tules, sedges, or similar

organic materials. According to California law, it is a soil amendment
and not an agricultural min(M-al but it is included here because of its

similarity with other materials discussed.

Peat is not generally used in commercial agriculture in California,

although large amounts are used by florists, nurserymen, and gardeners

in cultivation of ornamental ]ilants. It does not contain any significant

amount of i)lant foods, but it is used solely to improve the physical struc-

ture of soils. Some peats contain 1 or 2 percent of nitrogen, but it may
not be in a form readily available to plants.

Sphagnum peat moss is brought into California from eastern United
States, western Canada, and from Europe. Ilypnum peat moss has been
marketed from a deposit in Modoc County. Sedge and tule peat is mar-
keted from deposits in the Stockton delta region, I^os Angeles County,
Orange County, San Bernardino County, and Santa Cruz County. No
accurate figures are available on the tonnages used in the state.

Pcrlite. Perlite is a volcanic glass or obsidian which expands or

pops when heated to form a light bulky mass of fine spherical particles.

It is an aluminum silicate and contains no plant foods. Whatever agri-

cultural value it may possess is due to its physical nature, as discussed

under pumice.

- Proebsting', E. L., Fertilizers anfl cover crops for CaUfornia deciduous orchards :

California Agr. Exp. Station Clrc. 354, p. 5, 1943.
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Pumice. Registration is oceasoinally secured to sell pumice as an

agricultural mineral. It is light and porous and may be of some value

in improving the structure of heavy, impervious soils in gardens or in

preparation of potting mixtures in greenhouse culture.

jMany soils contain adequate plant foods but they are so hard and
compact that tillage is difficult and irrigation water does not penetrate

well. Various materials are used to lighten the soil so it will crumble or

to increase the porosity so water and plant roots are not unduly confined.

This may be done with light, bulk}^ organic materials such as peat, straw,

sawdust, and shavings or with porous or granular mineral substances

such as sand, pumice, perlite, and vermiculite.

Pumice contains no plant foods, and whatever agricultural value it

may have is due to its physical structure. The agricultural value of

pumice and similar materials is not sufficiently great in ordinary crop

production to justify the cost of production, preparation, packaging,

and transportation. Some small-package sales have been made for use

in gardens, on potted plants, and in nurseries and greenhouses where
the material can sell for a higher price than would be economical in

ordinary farming.

The chemical composition of pumice and similar materials is of no

significance in their agricultural use, and in fact it may be misleading

unless fully understood. Occasionally someone interested in marketing
such a material for agricultural use submits a sample to a commercial

chemist for analysis. The report commonly shows some 10 or 20 ele-

ments listed as the oxides and present in a fraction of 1 percent or

in traces estimated spectroscopically and too small for chemical deter-

mination. Such a list may impress persons not familiar with the fact

that any sample of rock or soil contains a similar proportion of impuri-

ties. Use of such a chemical analysis in advertising or labeling the

material may constitute misrepresentation if it engenders the belief that

the material provides a significant and valuable source of micro-nutrients

for plants.

Sales of pumice as an agricultural mineral never haA'e exceeded a

few tons in occasional years, and the amount sold for this purpose has

not been enough to warrant continuance of registration by any one firm

for more than two years.

Sewage Shidgc. Sewage sludge is a valuable source of plant foods

and large quantities are utilized as a fertilizing material in California.

Ordinary sewage sludge, which is obtained by simple drying of sewage,

contains approximately nitrogen 2 percent and phosphoric acid 1 per-

cent. Activated sewage sludge, which is obtained by aeration and other

treatment of sewage, contains approximately nitrogen 5 percent and
phosphoric acid 3 percent. Neither type of material contains any sig-

nificant amount of potash. According to the definitions of California law,

ordinary sewage sludge is an agricultural mineral because it contains

less than 5 percent plant foods, and activated sewage sludge is a com-
mercial fertilizer.

Sales of both materials in California during the past 10 years are

shown in table 9.

The California State Department of Public Health has adopted
regulations concerning use of raw sewage and raw unactivated sewage
sludge as fertilizing materials to avoid contamination of food crops.
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Table 9. Tons of sewage sludge reported in California.

97

Year
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aiimuiilN' in California for pest control. This ultimately finds its way into

the soil.

Many other agricultural minerals, such as gypsum, sulphvirie acid,

and metallic sulphates ; connnercial fertilizers, such as ammoriium sul-

pliate cuul single superphosphate ; and i)est control materials, such as lime-

sulphur solution and copper sulphate, are sulphur compounds. Thus more
sulphur is applied directl}' or indirectly to soils in California than any
other element. Probably more than 125,000 tons of total sulphur, free and
combined, were applied in California in 11)48. By way of comparison,

during the same year there were applied about 85,000 tons nitrogen,

53,000 tons of phosphoric acid, and 14,000 tons of potash.

Inasmuch as the oxidation of elemental sulphur in soil is chiefly a

biological process, investigations have been made to determine the pos-

sible value of inoculating soil sulphur with bacteria to speed up the oxida-

tion process. However, it has been reported that such treatment was gen-

erally of no particular agricultural value. Elemental sulphur oxidizes in

several weeks in most soils and in warm weather.

Sulphuric Acid. Sulphuric acid was tried experimentally about 25

years ago for treatment of alkaline soils but no appreciable amount was
used for this purpose until 1947 when 1,651 tons were reported sold in

California. This increased tremendously during 1948 to 10,614 tons. In

1949,there were 6,683 tons sold.

Most of this tonnage was straight connnercial acid but some was
waste acid sludge from petroleum refineries. The sludges contain varying

percentages of aromatic compounds and care nnist be taken to avoid appli-

cation of excessive amounts of impurities which may injure plants.

Some sludges contain a small percentage of organic nitrogen compounds,

but the agricultural value of the nitrogen compounds has not been demon-
strated.

The acid is applied either by spraying it directly onto the soil or by
metering it into the irrigation water. "When it is sprayed directly, it is usu-

ally applied at the rate of approximately 200 gallons or 1| tons per acre.

"When it is applied to the water, enough is added to increase the acidity to

pH 2. Care is taken not to apply it in concrete irrigation lines because of

the detrimental effect of the acid on the concrete. Large dosages are not

applied to growing crops because it may injure them, but they are added

to the soil at least 2 months before planting.

The grade of commercial acid usually sold has a density of 66° Baume
and contains H2SO4, 93 percent. One gallon weighs 15.2 pounds and con-

tains 14.2 pounds of sulphuric acid. Therefore, each gallon contains 4.64

pounds of combined sulphur. Prices naturally vary according to grade

of material and amount purchased, but the 93 percent nuiterial usually

sells for about $19 per ton in carload lots.

Vermiculite. Expanded vermiculite is a mica which has been

expanded or popped by heat to form a bulky, j^orous mineral material. It

is used for heat and sound insulation, and for light-weight concretes and
plaster. Small amounts have been sold as an agricultural mineral for

improving the texture of heavy clay soils in gardens. It provides no plant

foods or other chemical elements to the soil. Like pumice, its agricultural

value appears to be due solely to its physical nature.
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Expanded vcnideulitt' is particularly usefvd for rootin;.' c'littinjzs and

jzerniiuatint? seed. Its iijjiht, i)ur(>us iiatiav makes it convenient to sub-

irrigate trays or flats in nursery practice and facilitates replanting of

rooted cuttings and seedlings.

Zinc Co)iipouncls. So many crop trees in California respond to

application of zinc sprays that some investigators consider zinc deficien-

cies in this state of major imi)ortance. althcjugh zinc «leficiencies may be

corrected with very small amounts of the element.

As in the ease of other micronutrient deficiencies, trees may show

symptoms of acute deficieiu-y although the soil in which they are growing

contains an abundance of zinc compounds. A])[)arrut[y some soils have the

ability to fix large amounts of zinc in a form in which it is not available to

plants. The California Agricultural Experiment Station states that heavy

applications of zinc suli)liate to the soil cannot generally be depended

upon to keep trees healthy, and soil treatments are used oidy in a few loca-

tions where experience has shown them to be effective. Correction of the

deficiency is usually made by spraying the trees with sprays containing

zinc sulphate or zinc oxide, or by driving pieces of metallic zinc into the

trunk or limbs of the affected trees.

Inasmuch as only small amounts of zinc are needed, the tonnage of

zinc sulphate used as an agricultural mineral is not impressive.

Year Tons of Zinc Snlphate

1946 111

1947 135

1948 108

1949 123

Only 23 tons of zinc oxide were reported for the same four-year period. It

is common practice to incorporate zinc sulphate or zinc oxide in certain

insecticidal or fungicidal sprays foi- combination treatment for pest con-

ti-ol and correction of nutrient deficiency. Zinc com])()unds so used gen-

erally have not been included in tonnage of agricultural minerals. Accu-

rate data are not available on the amounts of zinc compounds used in this

manner, and it may exceed the agricultural minerals toniuiges shown in

the table.

Zinc deficiency has been widely recognized for 18 years in California

on deciduous fruit and nut trees, citrus trees, grape vines, and on orna-

mental trees and shrubs. ]\Iany annual crop plants have thrived on the

same .soil without any symptoius of deficiency, although such annuals

have exhibited symptoms of zinc deficiency in other places, notably

in Florida. The Universit}' has announced the first instance of zinc defi-

ciency in an annual crop in California was noted on beans in 1948 and the

plants responded satisfactorily to a spray of zinc sulphate. Tt has been

noted that zinc deficiency symptoms frequently appear in plants growing

on sites where a corral or Indian camp had been. The rea.son for this has

not been determined.
PUBLICATIONS

A special publication is issued annually pi-esenting results of

analj^ses of official samples of fertilizing materials drawn each calendar

year. It includes statistical data on the sales of the various types of

commercial fertilizers and agricultural minerals in California, plant
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foot equivalents of the tonnages, lists of registered firms, and notes on

analytical procedures. The Bureau of Chemistry also publishes an

annual report on the administration of the portions of the Agricultural

Code pertaining to agricultural cliemicals. A series of occasional

announcements provides information on current matters, including the

quarterly tonnage data on sales of commercial fertilizers and agricul-

tural minerals. These publications may be secured without charge from
the Bureau of Chemistry, 1125 Tenth Street, Sacramento 14, California.
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ABSTRACT

Approximately 400,000 tons of sypsuni are used annually in California as an

agricultural mineral. It is derived from local deposits of crude f;ypsite and also from
hard rock gypsum. Materials are registered by the State Department of Agriculture,

Bureau of Chemistry, which administers the law governing the labeling and sale of

agricultural chemicals. Materials must be registered with the Bureau before being

offered for sale. Every lot or container must show the name and percentage of each

constituent of agricultural value claimed to be therein. Materials offered for sale are

sampled and analyzed by the state to determine if the composition conforms to that

guaranteed on the label. Sampling and analytical methods are described.

INTRODUCTION

Gypsum lias been used as an agricultural mineral for many years,

and farmers sometimes still call it by its old name "land plaster." Ben-
jamin Franklin encouraged its use by applying it on a hillside pasture

in the shape of letters so passers-by could read his message written in

ridges of higher and greener grass, "This land has been plastered."

California agriculture used only a few thousand tons of gypsum
annually until about ten years ago when the tonnage began to increase

rapidly. During each of the past 5 years, approximately 400,000 tons

of agricultural gypsum have been used in this state, representing an

annual outlay of approximately $2,000,000 for material and application.

Thus gypsum lias become the most important agricultural mineral in

California, from the standpoint of tonnage and cost. The Bureau of

Chemistry has devoted increased attention to the labeling and claims

made for it to assure compliance with requirements of law for protection

of purchasers.

The State Department of Agriculture, Bureau of Chemistry, admin-

isters portions of the Agricultural Code pertaining to the labeling and
sale of fertilizing materials and pest control materials. The Bureau is

• Assistant Chief, Bureau of Chemistry, State Department of Agriculture.

(105)
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primarily a law enforcement agency, it does not provide recommenda-
tions with regard to agricultural practices nor conduct investigations

and field tests other than those incidental to its regulatory duties. Agri-
cultural research and agricultural advisory services are provided by
the University of California Agricultural Experiment Station, with
headquarters at Berkeley, California.

COMPOSITION

G^'psum is liydrated calcium sulphate. The chemical formula for

this compound is CaS04 -21120, from which it may be calculated that

the pure material contains combined calcium 23.3 percent and combined
sulphur 18.6 percent. The chemical formula also shows that the pure
material contains combined water 20.9 percent which is part of the
mineral structure and not to be confused with ordinary moisture or

"free water" that varies according to whether the particular material
is wet or dry. A few deposits of gypsum are more or less dehydrated,
having lost a portion of the combined water. Since 100 pounds of anhy-
drous calcium sulphate, CaS04, may combine with 26.5 pounds of water
to form 126.5 pounds of CaS04 -21120, pure CaS04 is sometimes said
to have a gypsum equivalent of 126.5 percent, but such usage of per-
centage may be confusing unless the significance of its method of calcu-

lation is fully understood.

COMBINED SULPHUR EQUIVALENT

Although agricultural gypsum is used for various reasons by dif-

ferent farmers, its value is commonly attributed to its combined sulphur
content. Table 1 affords a convenient comparison of percentages on
this basis.

IMPURITIES

The impurities in San Joaquin Valley gypsite deposits are mainly
silica and other insoluble materials of no agricultural significance. Most
of these materials contain a small amount of calcium carbonate, seldom
exceeding 10 percent. A typical analysis is

:

Percent

SO3 33.70
CaO 24.36
Si02 and insoluble 18.52
Comhined water 15.53
Free water 2.88
Iron and aluminium oxides 1.86

CO« 1.07

MsO 0.40

Not determined l.(i2

Injurious amounts of boron, sodium chloride, or sodium carbonate
have not been found, although it is reported that some deposits of gypsum
are near deposits of boron minerals.

Mineral deposits contain traces of many elements, some present
in small amounts which can be determined chemically and some in traces

which can be detected only spectroscopically. Occasionally a registrant

of agricultural gypsum obtains a "complete analysis" of his material
and proposes to present all the findings on the label as his guarantee.
In general this is not acceptable because it may be misunder.stood by
the average user and be a source of misrepresentation. Claim for the
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Tabic 1. Combined sulphur equivalent.
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A reference to gj'psiim or any other agricultural mineral as a fertilizer

may be a form of misrepresentation and in violation of law. Similarly

the term plant food is so commonly used to mean tlie tliree primary
ingredients in commercial fertilizers, that generally it should not be
used with reference to gypsum. The term fertilizing materials is properly
used to refer collectively to commercial fertilizers, agricultural minerals,

manures, auxiliary plant e-hemicals, and soil amendments.
Users have sometimes been misled by the ambiguous statements

that gypsum contains sulphur or that it contains lime. To the average

user, sulphur means elemental sulphur and lime means quicklime (CaO)
or slaked lime (Ca(0H)2) and to some it means calcium carbonate

(CaCOs). Gypsum does contain some chemically combined sulphur, but

it does not contain elemental sulphur ; neither does pure gypsum contain

any of these calcium compounds. The problem is further complicated

by the fact that gypsum, elemental sulphur, and three liming materials

(quicklime, hydrated lime, and limestone, which is calcium carbonate)

have distinctly different agricultural uses, and use of one when another

is more appropriate may be ineffective or detrimental. Gypsum is not

a liming material. Elemental sulphur tends to make soils acid ; liming

materials tend to make soils alkaline; gypsum has no immediate effect

on acidity or total alkalinity of the soil, but its use may influence the

form of the alkalinity. The differentiation between these materials by
users may be somewhat confused by the fact that some mixtures of the

different chemicals have been sold in California. For example, mixtures

of calcium carbonate and gypsum have been marketed here, and a

natural mixture of elemental sulphur and gypsum has been brought
into the state for agricultural use.

OCCURRENCE

Gypsum deposits are found in many places in the country, and sev-

eral mines in California produce high-quality gypsum for preparation
of plaster, wallboard, and tile. Some of these mines sell a portion of

their output for agricultural purposes, but much of the agricultural

gypsum utilized in California comes from the western foothill area of

the San Joaquin Valley, where there are numerous deposits of gypsite

of marketable grade. Some of these gypsite deposits are large and con-

tain material of uniform qualit}", analyzing approximately gypsum 70
percent ; and some deposits are so small, scattered, variable, or of such
poor content that commercial exploitation is not feasible.

These deposits are surface beds of fairly loose gypsite and are gen-

erally covered with an overburden of soil. In deposits commercially
operated, there is usually about 1 or 2 feet of overburden and the usual

bed of gypsite is 5 or 10 feet deep, although wide variations are encoun-

tered. The overburden is removed by scrapers of many types or by
dragline, and the gypsite is then scraped off and loaded directly into

trucks. When a scraper is set to remove a thin layer at a time, the

material loaded is sufficiently fine for application, and further grinding
is unnecessary. To market a material of reasonable uniformity, an oper-

ator must be careful to remove all the worthless overburden before

loading, not to scrape beyond or below the bounds of the workable
deposit, and to avoid any streaks of low-grade material. Otherwise some
trucks may be loaded with worthless soil instead of gypsum.
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Some agricultural prypsiim is prepared from hard rock deposits

and some is also derived as a by-product from manufacturing processes.

It is of interest that approximately half of normal superphosphate is

anhydrite and many tons of this are used as a connnercial fertilizer in

California.

AGRICULTURAL USE

Most of the agricultural gypsum sold in California is used in San
Joaquin Valley "svithin trucking distance of local deposits, although a

portion of the tonnage is used in other parts of the state. It is applied to

improve soil texture, increase permeability to water, alleviate severe

clod and crust formation, render the soil easier to work, and to aid in

the reclamation of alkali soils. Gypsum reacts with sodium carbonate,

commonly called black alkali, to form sodium sulphate, commonly called

white alkali, and calcium carbonate, which is the same as limestone.

Sodium sulphate is much less injurious to plant life than sodium carbon-

ate, so the conversion is of distinct advantage. Soils alkaline with sodium
carbonate are sticky when wet, and set to a hard cake when dry. Addi-
tion of gypsum aids in flocculating the mass and tends to make the soil

loose and friable.

Gypsum is applied to soils where many of the diversified crops are

grown as in the San Joaquin Valley, and particularly on those for

potatoes in Kern County where most growers use gypsum primarily to

improve penetration by Avater during irrigation. Gypsum is also used
on sulphur-deficient soils to supply this element to alfalfa and legu-

minous cover crops. The use of gypsum in California is correlated with
soil tj'pe rather than with any specific crops, but the other crops most
commoidy grown in the area of greatest use include citrus and deciduous
orchards, vineyards, cotton, and vegetables. No accurate data are avail-

able with regard to the tonnage of gypsum used on specific crops or in

specific counties.

Gypsum is not suitable for reducing acidity of soils. However, most

agricultural soils in California are commonly somewhat alkaline, and
acid .soils are a problem in only a few places in the state. Gypsum may
be largely wasted if applied to acid soils or to light loam or sandy soils,

unless an actual deficiency of soil-sulphur or soil-calcium is involved.

APPLICATION

The rate of application of gypsum varies greatly depending upon
the crop involved, the degree of correction required by the soil, and the

purpose for which it is used. In general, applications range from less

than 1 ton to as high as 20 tons per acre. Some soils are given but a single

application and some are given regular annual applications for several

consecutive years. It is possible that a soil might be more or less perma-
nently corrected by a program of annual applications over a sufficient

period, but this seems not to have been demonstrated.

Gypsum is usually spread on the soil and turned under by shallow

cultivation. It is sometimes applied to soils by means of end-gate spreaders

attached to the same trucks that are used to haul it from the mines to

the fields, and several special types of equipment have been developed

in the San Joaquin Valley to minimize labor in spreading this agricul-

tural mineral.
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Some application of gypsum has been made by dissolving it in irri-

gation water. However, only about a quarter of an ounce of gypsum
can be dissolved in a gallon of water under most favorable circumstances,

which is equivalent to about 2| tons in one acre-foot of water. This low
solubility and tlie difificultics involved in adequately mixing the gypsum
with the incoming water present a problem. Mechanical arrangements
have been developed for metering gypsum into irrigation water at the

rate of several hundred pounds i)er acre. Tliis method is particularly

useful when gypsum is being added to correct an unfavorable sodium-
calcium ratio in the irrigation water.

If gypsite containing gypsum 70 percent were used in such a man-
ner, the sludge comprised of the 30 percent of the more insoluble impuri-

ties might clog the irrigation system. This method of application would
seem satisfactorily possible only when high grade gypsum is used, and
only when low rates of application are desired.

Much of the gypsum is applied during the winter months when
trucking facilities are readily available, but some is applied throughout
the year as may be seen from the quarterly tonnage statistics published

by this Bureau.
COSTS

The costs of transportation from the mine and of spreading on the

farm are usually greater than the price of <i'ypsum at the source, and
these charges must be added to the original cost of any material in

making an estimate of what the grower pays- to get gypsum onto his

land. If a grower receives low-grade gypsum, he not only loses a portion

of what he paid for the material, but in addition pays excessive trans-

portation costs in hauling worthless impurities as well as the added cost

of spreading the impurities. A 10-ton load of an agricultural mineral
containing only gypsum 40 percent involves hauling and spreading 6

tons of worthless material. Since hauling charges for gypsite from San
Joaquin Valley deposits are usually more than the cost of the material

at the source, low-grade gypsum can be more costly than high-grade

gypsum. Gypsum may be legally sold with a guarantee as low as 20
percent or 30 percent but cost of hauling and spreading the worthless

80 percent or 70 percent generall}- makes its use uneconomical.

Crude gypsite containing gypsum 50 percent to 70 percent com-
monly sells for about $1.75 per ton at the mine, and about $6 per ton

delivered to the farm. High grade agricultural gypsum (93 percent) in

100-pound bags commonly sells for about $14 per ton delivered. Prices

naturally vary according to analysis, location, and amount purchased.

SOIL CONSERVATION PROGRAM

In accordance Avith the soil conservation program, the Federal Pro-

duction and Marketing Administration makes certain payments to

farmers who apply soil sulphur or its equivalent as combined sulphur
in the form of gypsum to an existing stand of, or in connection with a

full new seeding of, perennial or biennial legumes, perennial grasses,

green manure crops in orchards, permanent pastures seeded alone or

with a nurse crop, and winter legumes ; or where the County Committee
determines such application is necessary to correct alkali soil conditions.



1951] AORICIILTURAL OYPSUM—ROLLINS m
Information is not available to show wiiat percentage of the gypsum

used in California was eligible for payments under the P. M. A. program
in V.H'K but jiartial data indicate that about half the gypsum used in

San .J'ja(iuin \'alley in lit-iT was used in an eligible manner. Payment
is made on a basis of the amount of sulphur ecpiivalent. and it is reported
that in ]!>47 payment was made on 210.847 tons of gypsum (18 pereent
combined suli)hur') apjilied to 21)4, ()!>() acres on 4.4r)2 farms. In 194()

payment was made on 2.'i.751 tons of ''available sulphur" applied on
5,250 farms, on 219,6;]0 acres.

STATISTICS OF SALES

The law r('(iuires eacli registrant of agricultural minerals to submit
a quarterly statement of sales and pay a tonnage lici'use tax of 10^
per ton. These reports are regularly autiited. The private business of

inilividual tiriiis is safeguarded bj' publishing figures only for those

types of agricultural minerals reported by three or more firms, but
gypsum has always been reported by a larg(> number of firms. The ton-

nage of agricultural gypsum sold in California during the last 25 years

is shown in table 2.

In the same 25-year interval, the total tonnage of all agricultural

minerals sold in California increased from 44,241 to 422,484 and the

tonnage of commercial fertilizers increased from 66,274 to 511,460. In
1924, gypsum represented approximately 10 percent of the total ton-

nage of agricultural minerals. In 1949, it represented approximately 80
percent.

The tonnage of gypsum handled in 1948 may be better visualized by
considering that it was equivalent to about 40,000 truckloads of 10 tons
each, or more than 100 truckloads per day eveiy day in the year. Assum-
ing a probablv averaire haul of 50 miles, this represents a total haul of

about 2,000,000 miles.

Table 2. Tonnage of agricultural gypsum sold in California.

Year
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REQUIREMENTS OF LAW

Gypsum is classified by the Fertilizing: Materials Article of the

Agricultural Code as an "Agricultural Mineral." It must be sold in

accordance with the provisions of this law, which requires among other

things that

:

(1) Gypsum must be from the supply of a person or firm who has

obtained from the Bureau of Chemistry a certificate of registration for

agricultural minerals, and who has registered each composition to be

sold.

(2) Gypsum can be sold only by the holder of a fertilizer salesman's

license. There are several exceptions: a registrant may sell his own
registered products without a fertilizer salesman's license and such a

license is not required for a dealer to sell gj'^psum in a registrant's

package from a fixed place of business.

(3) Each lot or bag of gypsum must bear a tag stating the percen-

tage of gypsum (CaS04-2H20), and the name and address of the

registered producer. If the material is sold in a loose lot, a tag bearing

the required information should be firmly attached to a stake driven

into the pile so as to be plainly visible while in transit and upon delivery

to the user.

(4) A tonnage license tax of 10^ for every ton sold must be paid

quarterh^ by the registered producer.

It is a misdemeanor to make any misrepresentation in connection

with the sale of anj^ fertilizing material. For example, it is not acceptable

to claim that gypsum "contains sulphur" or that it "contains plant

foods" or that it is a "fertilizer" if such claims are made in a manner
that may lead the purchaser to believe the material contains elemental

sulphur, nitrogen, phosphoric acid, or potash.

ADMINISTRATION OF LAW

The Bureau of Chemistry administers the Fertilizing Materials

Article of the Agricultural Code as well as certain portions of the

Code pertaining to other agricultural chemicals. The main office and
laboratory of the Bureau are in Sacramento. Branch offices are in Los
Angeles, San Francisco, and Yisalia. Inspectors travel throughout the

state and regularly draw official samples of gypsum, as well as other

agricultural chemicals offered for sale in California. The official samples

are analyzed in the laboratory and the results of analyses are sent to

the user of the particular lot sampled, to any dealer who may be con-

cerned with the particular lot, and to the registered producer. There
is no charge for this service. If anah'sis shows that there is a deficiency

of economic significance in the lot sampled, the registrant is requested

to produce evidence that proper adjustment has been made to the pur-

chaser.

In order to permit reasonable leeway for unavoidable variations

in marketing, the law provides that a lot of gypsum is not to be considered

deficient unless the percentage is low by more than 5 percent of the

guarantee. For example, if a lot is guaranteed to contain gypsum 70

percent and contains less than 66.5 percent, it is deficient and to sell it

or to offer it for sale is a violation of law.

All claims made with regard to gypsum and other fertilizing

materials are subject to jurisdiction of the law. The Bureau examines
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advertisements in periodicals, advertising distril)uted in the form of

cards, leaflets, l)idl<'tins. or letters, and also considers radio advertising,

salesmen's verbal claims, and all other claims made directly or indirectly

in connection with tlie sale of these a-.'ficnltnral chemicals. Prompt
action is taken against misrepresentation in any form in order that

farmers in California may pnrehase agrienltural chemicals with con-

fidence and satisfaction.

Criminal complaints are filed when necessary to seenre comjiliance

with law. Ixcpeatcd viohitions by firms dealing in gypsnm have resulted

in cancellation of certificates of registration, without which any sale is

a misdemeanor. Constant vigilance and thorough enforcement of law
not only discourages violations and secures some compensation of pur-

chasers for economic cheats in the materials they buy but, by its presence

alone, a well-administered law serves to minimize attempts of fraud and
misrepresentation

.

SAMPLING

Much of the gypsum used in California is hauled loose in truckload

lots directly from the mine to th.e field on which it is to be used, so it

remains in the channels of trade and subject to inspection and sampling

for a shorter time than other agricultural chemicals. Inspectors must
arrange their sampling activities according to availability of the mate-

rial for inspection. Samples are usually drawn from truckloads en route

and occasionally from lots delivered and left intact at farms. Some
gypsum is sold in bags, and this material is subject to inspection and
sampling wherever found in hands of dealers or purchasers.

Section 1037 of the Agricultural Code provides that if the fertilizing

material is jiackaged in containers of less than 10 pounds, one package

of the material nuiy be taken as a sample to represent the lot of which
it is a part, but gypsum is seldom sold in small packages.

When gypsum is packaged in containers of 10 pounds or more,

each official sample consists of at least 1 pound of material taken in

the followinir manner: A sampler is used to remove a core diagonally

from end to end of the bag. Cores are taken from all bags if 20 or fewer
are present. If 21 to 200 bags are present, 20 cores are taken from as

many bags. If more than 200 bags are present, cores are taken from 20

bags plus 1 bag for each additional ton in excess of 10 tons. The portions

are thoroughly mixed on a clean rubber sheet, oil cloth, or paper, and
reduced by quartering to the quantit}^ of sample required. Opposite
quarters are placed in one sample container and the remainder in another

for a duplicate sample.

When gyjisum is sold in a loose lot by ti'uckload or carload, the

load constitutes one package. An official sample is taken in the following

manner: The outer surface is scraped aside before inserting sampler,

because the load may have been wet Avith a hose to reduce dust or the

wind may have blown the fine material from the surface, and at least

20 approximately equal cores are taken from fairly evenly distributed

parts of the quantity. If more than 10 tons are contained in a lot, two
cores are taken for each additional ton. Portions are taken with a trowel

when the material contains large lumps or when for other reason it is

not possible to use a sampler. Lumps are broken if necessary and the

material is mixed, quartered, and placed in sample containers.
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All official sample of a fertilizino- material is sealed before removal
from premises where it was drawn. Tlie seal bears the date ; name of prod-

uct as given on the label, if any ; signature of person acknowledging the

sample; inspector's initials and sample number. The duplicate portion is

sealed and left with the party whose stock was sampled or left on the

premises where it was drawn.

A total of 180 official samples of gypsum were draAvn and analyzed
during 1948; these represented a total of 10,256 tons. Since 394,979 tons
of gypsum were sold in California during 1948, it can be seen that 2.6 per-

cent of the total tonnage was specifically examined by this Bureau. For
every sample of gypsum drawn and analyzed during the year, approxi-
mately 2,194 tons Avere sold. By way of comparison, one sample of commer-
cial fertilizer was drawn for every 262 tons sold. In general, commercial
fertilizers are more expensive and more important to farmers than agri-

cultural minerals, and the purpose of the law is served most effectively

and economically by sampling the more important materials more inten-

sively.

ANALYSES FOR USERS

The law provides that a person who is actually using or intends to

use an agricultural mineral for fertilizing purposes may submit a sample
for analysis to determine conformity or nonconformity of the material to

the guarantee under which it is sold or is to be sold. The user submits
information with regard to the lot of material, a copy of the tag, and the
service fee which is $4 for analysis of gypsum.'Users rarely submit sam-
ples for analysis because a report issued on such a sample does not have
the legal status of a report issued on an official sample drawn directly by
the Bureau, and no charge is made for official samples.

METHOD OF ANALYSIS

The routine method of analysis used for examination of any sample
depends somewhat upon what is definitely known about the material. For
example, if it is known that the material contains no sulphur compounds
other than gypsum, it w^ould probably suffice to determine only the com-
bined sulphate-sulphur and to calculate the percentage of gypsum from
that. If the mixture may contain other sulphates, elemental sulphur, or

sulphite-snlphur, the analytical method must be adapted accordingly.

Occasionally there may be need to differentiate between various calcium
compounds in a material purported to be gypsum. Total combined carbon
dioxide may be determined to estimate carbonates. Elemental sulphur is

found in a few materials and it is possible that magnesium compounds
may be present in others. Special materials naturally require special

methods; however, the following method is generally satisfactory for

routine samples of agricultural gypsum.
It has been found that some free water is lost from moist samples dur-

ing the process of grinding the material for analysis, which tends to give

slightly higher results for the percentage of gypsum determined. This

error has been largely avoided by determining the free water first so the

percentages can be calculated on the basis of the material as received.

Determination of Free Water. Rapidly weigh in a flat dish a

10-gram portion taken with a small tryer from the sample jar. Dry the

material for 4 hours at 45° C, and report the proportional loss in weight
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as "Free water." Tliis does not include the combiniMl water which is part

ofCaS04-2HoO.
Preparation of Sampli . Pass tlie entire remaining material through

a 10-mesh sieve. Tliorougldy mix and quarter the material and grind a

portion to pass through a iiO-mesh sieve. Place about 10 grams of this

gronnd material in a Hat disii and dry for 4 hours at 45°('. Pse portions

of this dried material for determination of combined sulphnr and com-

bined calcium.

Determination of Combined SuliJh ur. Weigh a O.oOOO-gram portion

of the dried material and transfer it to a beaker. AVet it with water and add

excess dilute hydrochloric acid carefully to avoid loss by possible efferves-

cence of carbonates. Cover the beaker with a watch glass supported on a

glass triangle and evaporate carefully to dryness on a hot plate at low-

heat to prevent spattering. Bake the residue for several minutes to decom-

pose silicic acid. Dissolve it in hot water with a few drops of hydrochloric

acid. Filter and wash the insoluble material thoroughly. Dilute the fil-

trate to approximately 500 milliliters. Heat to boiling and while boiling,

slowly add 10 milliliters of 10 percent barium chloride solution with con-

stant stirring. Cover the beaker and set it on a boiling water bath over-

night or for several hours. Filter through a fine paper. Transfer the pre-

cipitate to the filter and wash it free of chlorides with hot water. Ignite

the filter and precipitate at dull redness and weigh the residue as barium

sulphate. The gravimetric factor 0.1374 converts barium sulphate to com-

bined sulphur. Inasmuch as the sample weighed 0.5000 gram, the percent-

age of combined sulphur calculated on the basis of the original material is

:

(grams BaS04) (27.46) (100 - percent free water)

Similarly the percentage of gypsum, CaS04 • 2II2O, equivalent to this per-

centage of combined sulphur is

:

(grams BaSOi) (147.5) (100 - percent free water)

This indicated percentage of gypsum is tentative as discussed later.

Determination of Combined Calcium. Weigh a 0.4000-gram sample

of the dried material aiul transfei- it to a 500 milliliter Erlcnmeyer fiask.

Wet it with water and add sufficient dilute hydrochloric acid containing a

little nitric acid to dissolve the gypsum, and boil. Dilute to 200 milliliters

and heat. Add 25 milliliters saturated anunonium oxalate solution and

slowly add anunonium hydroxide to the hot solution until it is neutral to

methyl red. Allow the .solution to cool and to stand for 4 hours. Filter

through a medium-fine i)aper and wash the fiask and the filter thoroughly

with cool water. Rinse the precipitate back into the flask with hot water.

Acidify with dilute sulphuric acid and titrate the hot solution with stand-

ard potassium permanganate solution until pink. Add the filter, stir to a

pulp, and continue titration to a faint pink color. Inasmuch as 1 milliliter

of tenth-normal potassium permanganate is equivalent to 0.002004 gram

combined calcium, and the sample weighed 0.4000 gram, the percentage

of combined calcium calculated on the basis of the original material is

:

(ml.N/lOKMnOj) (0.5010) (100 - percent free water)

Similarly the percentage of gypsum, CaS04 • 2H2O, equivalent to this per-

centage of combined calcium is

:

(ml. N/10KMnO4) (2.152) (100 - percent free water)

This indicated percentage of gypsum is tentative as discussed later.
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Calculations. The percentage of gypsum indicated by the com-
bined ealciuni in most official .sam]ilos is slijj'htly liigher than tliat indicated

by the combined snlpliur because most ol' the agricultural materials

contain small amounts of calcium carbonate. The lower of the two per-

centages is reported as the percentage of gyi)sum, CaS04 -21120, in the

material. No attem]it has been made to distinguish between gypsum and
anhydrite.

PUBLICATIONS

The results of analyses of official samples of commercial fertilizers

and agricultural minerals drawn during each calendar year are pub-
lished aniuially by the Bureau. These analyses serve not only as a guide

in administration of the law, but are an important source of informa-
tion to users. Farmers can readily compare analyses of different types

of materials, and compare the records of different registrants in meeting
the guarantees made for their materials. Interested persons familiarize

themselves with the law governing sales of gypsum to assure value

received for the money they spend when buying their supplies.

Copies of the law, annual reports of this Bureau, lists of registered

firms and of registered products, special publications providing analyses

of official samples, announcements with regard to special items of inter-

est, and other informative -publications of agricultural chemicals are

available upon request from the Bureau of Chemistry, 1125 Tenth

Street, Sacramento 14, California.
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GYPSUM RESOURCES OF CALIFORNIA
By William E. Vkr Planck

Consumption of agricultural gypsum in California during 1948

amounted to 304,970 tons or about a third of tlie total consumed for all

purposes. ^More than three-fourths of the agricultural gypsum consumed

in the state is low grade material containing from 40 to 70 percent

gypsum and mined only for agricultural purposes from deposits within

200 miles of the farms. Tiie remainder is material containing 00 percent

or more of gypsum, and at present almost all of it is sold by producers in

Imperial County, eastern Riverside County, and Nevada who are pri-

marily engaged in the plaster industry.

Gypsum (CaSOi -21100) is among the more soluble rock forming

minerals, and therefore outcrops of gypsum are seldom found except in

arid regions. ]\[ost commercial gypsum is a massive, often impure, opaque

white to gray material known as rock gypsum. Gypsite, an important

source of agricultural gypsum, consists of an earthy mixture of very

small gyp.sum crystals and sand or clay that forms efflorescent deposits.

Other less common varieties of gypsum are the platy transparent type

known as selenite, the fibrous type known as satin spar, and the massive

white, sometimes translucent, type kno^^'n as alabaster. Gypsum is com-

monly associated with anhydrite (CaftOj), a mineral believed to be

comparable to gypsum in its value as an agricultural mineral, when
compared on an equivalent basis. Little anhydrite, however, has been

sold in California.

The natural calcium sulfate minerals have most commonly formed

through the evaporation of sea or saline lake waters, but they also occur

as part of the gangue in hydrothermal veins, in near-surface veins

formed by deposition from ground water, and as replacements of lime-

stone. In saline deposits at least part of the calcium sulfate is believed

to have originally precipitated as anhydrite and to have been altered

to gypsum by the action of ground water.

Gypsite forms only in regions of little rain and high evaporation.

Capillary action draws calcium sulfate-bearing ground water toward

the surface where very small crystals of gypsum form. In addition to

sand and dirt, gypsite often is contaminated with calcium carbonate,

^luch less frequently it contains borates or chlorides.

Deposits of gypsite are particularly numerous along the west side

of the San Joaquin Valley from Ortigalita Creek in Merced County to

]\IcKittrick. Gypsite also occurs along Cottonwood Creek east of Bakers-

field ; near Carrizo Plain and Shandon, San Luis Obispo County ; in the

playa at Saltdale, Kern County; near Palmdale, Los Angeles County

;

and near Corona. Riverside County. Deposits in the San Joaquin Valley

now being worked include the H. ]\r. ?Iolloway Inc. Lost Hills mine at

Lost Hilis and Avenal Gap mine in Kettleman Plain, deposits of the

]\IcKittrick Agricultural G.vpsum Company and "Western Gypsum Com-
pany near McKittrick, the Pacific Gypsum Company's deposit at Kern
Lake, C. L. Fannin's deposit in Packwood Canyon, R. P. Jones' Valley

View mine in the Panoche Hills, the Griffin deposit near Tumey Gulch,

and the Agricultural ]\Iinerals and Fertilizer Company's deposit near

Little Panoche Creek. Outside the San Joaquin Valley are the Vander-

ford deposit at Shandon, San Luis Obispo County, and the Daly deposit

near Saltdale, Kern County.
(117)
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Three types of g\-psite deposits are recognizable. Most numerous
are those that have formed on the outcrops of beds containing dis-

seminated gypsum in the form of selenite crystals and plates along

fractures or as part of the cement of sandstones. Examples include some
of the McKittrick deposits and the deposits in the Panoche Hills, Car-

rizo Plain, and at Palmdale.
Relatively large gypsite bodies have formed along the margins of

periodic lakes. Gypsite deposits on the south margin of Kern Lake, at the

playa near Saltdale, and probabl}^ also in Kettleman Plain belong to this

class. The Lost Hills deposits have some of the features of this type.

A third type is represented by two deposits at McKittrick which
occur in the beds of dry washes.

The gypsite deposits that have formed on the outcrops of gypsiferous

beds closely parallel the present surface except that the overburden is

likel}' to be thinner high on hillsides than it is toward the base. At one

place at McKittrick gypsite crops out near the summit of a hill, but at the

base it lies beneath 5 feet of overburden. The contact between the gypsite

and the underlying rock is generally gradational. Most of the gypsite in

the McKittrick area lies on fine sandy to gravelly soil, although in one

small area it rests directh" on steeply dipping shale. At the Valley View
mine in the Panoche Hills the gypsite becomes sandy toward the bottom.

The sandy gypsite lies on soft sandstone cut by satin spar veinlets of gyp-
sum or on gravel containing fragments of selenite.

Individual gypsite bodies may cover several acres, but some bodies

are mere patches less than 100 yards in diameter. The average maximum
thickness is 3 or 4 feet, but rarel}' the thickness may reach as much as 8

feet in a limited area.

The gypsite itself is tan to cream in color and is usually soft. It is

composed of unconsolidated cr^-stals of gypsum 0.002 inch or less in

length, mixed with quartz grains. Calcium carbonate is often present,

especially in low grade gj^psite.

Gypsite bodies that occur on the margins of periodic lakes are flat

irregular lenses which lie with a sharp contact on lake beds. Sometimes the

gypsite crops out, but usually it is covered with up to 3 feet of sandy soil.

Specimens of gypsite from these deposits resemble that which forms on

outcrops except that the gypsum crystals of the lake margin type are a

little larger.

In the Avenal Gap deposit in Kettleman Plain the upper part of the

gypsite body is a hard gray impure gypsite which changes within a 6-inch

transition zone to the soft yellow-wliite gypsite that forms most of the

deposit. At Kern Lake the purest gypsite is found near the top. Toward
the bottom contact the gypsite becomes harder and less pure.

Both the Kern Lake deposits and the Avenal Gap deposit contain

solution cavities. Those at Kern Lake are sinks as large as 8 feet in diam-

eter. Some of the tunnel-like holes in the Avenal Gap deposit are filled

with unconsolidated sand. This deposit also contains lenses of sand.

The Lost Hills deposits of H. M. HoUoway, Inc.. who is the largest

producer of gypsite in the state, occur along the west side of the Lost Hills

and are in general elongate in a direction at right angles to the trend of

the hills. The gypsite, which may be as much as 20 feet thick, is covered by
up to 20 feet of slightly consolidated silt}' sand. Clean, soft gypsite at the

centers of the bodies grades outward into gray silt containing streaks and
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spots of finely crystalline gypsum. Lenses of jrravel are found within the

oypsite, and in places jrravel lies beneath the <rypsite and the clay that

occurs beneath tlie gypsite.

Two of the deposits at McKittrick arc long, narrow, crooked bodies

tliat closely follow the beds of dry washes. (Jypsite occurs on the sur-

rounding hills and the gypsite in the channels may have been washed from

the liills. The channel gypsite may also have originated from gyi)siferous

ground water that accumulated in the channels.

The channel deposits are covered by a thickness of as much as 5 feet

of slightly consolidated sand containing rock fragments. The gypsite,

which is soft and light colored, grades at the bottom into gypsiferous sand
and clay. Where exposed, the underlying material is creek gravel contain-

ing pieces of selenite up to an inch long.

Rock gypsum deposits of Tertiaiy age include the United States

Gypsum Company's mine in the Fish Creek ^Mountains, Imperial County,

the largest gyi)sum mine in the state. This deposit, which is at the north

end of the Fish Creek Mountains, is part of a formerly much more exten-

sive deposit that has been dissected by erosion. In the mine area the gyji-

sum beds have been preserved in a shallow synclinal basin 3 miles long

and half a mile wide. The beds, excei)t for violent local c(mtortions in the

gypsum, dip uniformly at angles of from 25° to 35° toward the synclinal

axis.

The gypsum is included in Miocene beds that have been differentiated

by Dibblee.^ They lie on a pre-Cretaceous basement of metamorphic rocks

intruded by coarse gneissic granite. The gj^psum is underlain by the Split

Mountain formation which in its lower part consists of coarse, arkosic,

red-weathering sandstone with conglomerate beds composed of cobbles of

all the older rocks. The upper part is a gray boulder conglomerate with

subordinate layers of gray arkosic sand. In most places such sand imme-
diately underlies the gypsum. Overlying the gypsum is the Imperial for-

mation containing claj^ beds alternating with limonite-cemented quartz

sand. These beds have been largely removed by erosion. Eastward the

underlying Split Mountain formation pinches out and is overlapped by
the gypsum.

Other large but inaccessible remnants of the original deposit are

known to exist to the south, and there nuiy be extensions westward into

San Diego County.

Another Tertiary deposit is that of the Monolith Portland Cement
Company in Quatal Canyon near Cuyama Wash, Ventura County. This

deposit consists of a single bed of massive brown gypsum 10 to 80 feet

thick that may be traced for at least 7 miles. The gypsum is contained in

a brown clay, and the clay in turn is contained in a great thickness of

coarse, slightly indurated sandstone. The entire output of gypsum from

this operation is used as a retarder in the mainifaeture of portland

cement. The Blue Diamond Company owns patented claims adjoining the

Monolith Portland Cement Company's property on the northwest.

A second gypsiferous horizon in the Cuyama Wash region lies about

5 miles southwest of the Quatal Canyon deposit. It consists of thin beds

and impure beds of gypsum from which gypsite deposits have been

derived. ^Masses of alabaster up to a maximum of 10 feet in largest dimen-

sion also occur in it. Exploratory work has been done in numerous places,

1 Dibblee, T. W., Jr., Geology of SpHt Mountain area : unpublished map, 1944.
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but only a small tonnage of gypsum has been shipped. The terrestrial

clays that contain both groups of gypsum deposits grade into marine sedi-

ments northwestward along the strike ; to the southeast the clays become
coarse.^

In the northern foothills of the Avawatz ]\rountains, San Bernardino
County, gypsum, together with salt and celestite, occurs in lake beds

involved in the complicated structures along the Garlock and related

faults. Gypsum and interbedded gypsiferous clay occur in two rouglily

parallel zones 9 miles long and in places up to 400 feet thick. Celestite

is interbedded with the gypsum in the western part of the deposit, but

the salt is in fault contact with the gypsum bodies. The lake beds con-

sist mostly of bright-colored yellow, gray, and red clays. Although there

has been much development work, there has been no production.

A deposit at China Ranch, Inyo County, was worked during 1916

and 1917. Here a great thickness of brown clay shale contains gypsum
beds totaling 20 feet in thickness. Individual beds from 6 inches to 3

feet thick are separated by as much as 3 inches of shale. The gypsum
is white and of medium grain size. The beds dip at angles up to 25°.

Similar but smaller Tertiary deposits are found at Owl Holes, Cop-

per Canyon, and Furnace Creek in the Death Valley area. Other Ter-

tiary deposits, some of which have been worked, are near Point Sal,

Santa Barbara County; Fillmore, A^entura County; in Mint Canj^on,

Los Angeles Count}^ ; and on the Mule Shoe Ranch, San Benito County.

Pre-Tertiary deposits of gypsum occur in the Little ]\Iaria ]\Ioun-

tains, Riverside County, where the Midland* operations of the United

States Gypsum Company and the American Gypsum Company's mine

are located. The gypsum beds form part of a series of slightly meta-

morphosed sediments that cross the range from east to west. The sedi-

ments are bordered on the north by granitic rocks and on the south by
gneissic granite. The rocks of the gypsum belt are beds of quartzite,

crystalline limestone, and quartz-albite-mica schist, which dip to the

northwest at angles of 50° to 80°. Gypsum occurs in the limestone as

persistent beds up to 50 feet thick and in the schist as lenticular bodies

which have a more limited extent along the strike. The gypsum is a

coarse-grained snow-white aggregate of transparent grains. Often it

contains thin layers and lenses of schist, and schist is present also in

gypsum interbedded with limestone. Anhydrite is present at depth and
is the mineral from which the gypsum has formed. In the United States

Gypsum Company's underground workings there is evidence that the

extent of alteration of anhydrite to gypsum depends on the presence of

fractures and other openings that permit the access of water.

Similar but undeveloped deposits have been found in the Maria

Mountains, the Palen ^Mountains, and the Riverside Mountains, River-

side County.
Prior to 1924 the largest single source of gypsum in California was

the crystal body of Bristol Lake, San Bernardino County.^ Gypsum was

fomuf in the northern and eastern parts of the playa and within half

a mile of the shore. Gypsum lies beneath a foot or two of salty sand and

extends to an unknown depth beloAv the water level which is 6 to 8 feet

2 T. W. Dibblee, Jr., personal communication.
s Hess, F. L., California, in Stone, R. W., and others, Gypsum deposits of the United

States : U. S. Geol. Survey Bull. 697, pp. 81-83, 1920
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below tlio surfaco. Tlio cliaractor of tlio liypsuiii varies fi-oin elean while

jrraiiular <i:ypsuin to salty dirt eoutainiiij? y:yi)sum crystals. Gypsum
crystals are sometimes an inch or more in maximum dimension. This
p:ypsum had to be washed free of salt and dirt before use. A similar

deposit is said to exist in the neij-dihoriiiL'' naid)y Tjake.

Because ^^yjisum is a low-cost eoiumodity inexpensive methods of

mining and preparation are practiced. To date the only beneficiation

found practicable has been screeninp: and hand sorting.

For <iypsite, eui-reiit jiractice is to use carryall scrapers both for

mining and for removing the thin overburden. Little development is

necessary other than stripping and the construction of access roads
and truck loading chutes. Nearly all of the gypsite is used witliout any
treatment whatever but one operator lias installed a 5-i»t;li screen to

remove stones.

Rock gypsum must be drilled and blasted. The Fish Creek Moun-
tain deposit has been developed by means of an open cut which in 1942
was 3,000 feet long and 100 feet high."* At tliat time the practice was to

break a large tonnage by blasting a series of churn di'ill holes. Smaller
mines use wagon drills or jackhannners ; and smaller, less regular benches
are maintained. Steeply dipping deposits are mined by the open stope

method or more rarely by shrinkage stoping.

Rock gypsum for agricultural use is finely ground, often 90 i)ercent

through 100 mesh. Jaw crushers are used for primary crushing. Grind-
ing is done with hammer mills. Grinding may be done in closed circuit

with an air separator. Usually agricultural gypsum is packed in paper
bags but some is shipped in bulk.
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INTRODUCTION

California is well supplied with natural lime-bearinp materials suit-

able for agricultural use. Not only are there large deposits of crystalline

limestone, shell limestone, shell marl, and unconsolidated seashells, but

one or another of these types of deposits is present in nearly all parts of

the state. As agricultural limes sell at a low price, this broad distribution

of deposits is fortunate ; high prevailing freiglit rates will not reconcile

long distance hauling with a low-priced delivered product.

Although most California suils are not deficient in lime for growing

most plants and as acid soils are of limited distribution here, lime is not

so universally used in quantity as it is in many humid midwestern states.

IIoAvever, conditioning of California soils with lime is becoming more
widespread with prolonged tilling in intensively farmed areas and with

increased intensive gardening in "hea^y" or clay-rich soils.

Slighth^ more than half of the present agricultural lime consumption

comes from by-products, that is, lime-bearing residues from various

physico-chemical processes such as sugar refining. Between natural and
by-product limes, California is ade((uately supplied to allow for almost

unlimited expansion in agricultural lime usage. Tn l!)4f). 10,405 tons of

limestone and 11,741 tons of manufactured lime were sold in California.

OCCURRENCES AND ORIGIN OF NATURAL LIME MATERIALS

Crystalline limestone, shell limestone, loose shells, shell marl, marl,

caliche, travertine, calcareous tufa, dolomite, and dolomitic limestone

have all been used in California as sources of agricultural lime. Of these

many materials, crystalline limestone, shell limestone, shell marl, and
loose shells supply more than 90 percent of all natural materials currently

utilized.

Crystalline limestone is detrital or biochemically deposited calcium
carbonate (or both) , which has been changed by earth processes involving

heat and pressure into a mass of interlocking crystals of carbonate min-
erals among which calcite (CaCOa) greatly predominates. Grain size in

crystalline limestones may vary in average diameter from less than 1 milli-

meter to several inches. Crystalline limestone is the most abundantly
present and wideh^ distributed source of lime in California, being found
in Paleozoic and Mesozoic crystalline complexes in almost all major
mountain chains of the state. The principal crystalline limestone districts

are the Klamath Mountains from Yreka to Redding, particularly in the
]\IcCloud, Hosselkus, and Kennett formations ; the western Sierra Nevada
from Plumas to Kern County, particularly in the Calaveras limestone of
Tuolumne, El Dorado, and Calaveras Counties ; the south central Coast
Ranges of San Benito, Monterey, and Santa Cruz Counties, particularly

(123)
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in the Gabilaii limestone ; the desert ranges of Inyo, San Bernardino, east

Riverside, and Imperial Counties which include countless localities ; the
Transverse Uang-es of southern California, particularly tlie AYrightwood
district of the San Gabriel Range and tlie Cuslienbiu\y district of the San
Bernardino Range; the San Jacinto-Santa Rosa Mountain area of east

Riverside County, particularly the area northeast of Lake Hemet ; and,
the Colton-Riverside area of the Jurni)a JMountains, Riverside County.

Fine grained lunuetamurphosed oi' weakly metamorphosed lime-

stones are locally present in various Tertiary formations of Ventura, San
Luis Obispo, and Santa Barbara Counties, and in small leases in the Fran-
ciscan formation througliout the Coast Ranges. With the exception of the
Permanente deposits in Santa Clara County, concentrations of this type
of rock in California are comparativel}^ small.

Sliell-limestone or coquina is merely an accumulation of seashells

cemented together by calcium carbonate. Most California shell limestones

are of Tertiary age but a few are Cretaceous. In some instances shell lime-

stone incorrectly has been called marl in California, and some of the Cali-

fornia lime production which has been sold as marl was shell limestone.

The latter is widely distributed in California, but in a majority' of cases

the accumulations are in thin beds that are not economically feasible to

exploit. In some cases, however, shell limestone bodies have proven large

enough to allow sustained production on a moderate scale. Several local-

ities in Ventura, Santa Barbara, and San Luis Obispo County currently
produce shell limestone for agricultural purposes. The "Tapo" beds of

Tapo Alto Mountain, Ventura County, are a well known source of agri-

cultural limestone. Lime Mountain and Lopez Canyon in San Luis Obispo
County are two other localities where shell limestone recently has been
quarried.

In various estuaries along the California coast shells of brackish
water molluscs have accumulated in notable quantities. Dredges in San
Diego Bay, Newport Bay, and San Francisco Bay commonly uncover
deposits of this sort. Along the southeastern shores of San Francisco Bay
harvesting of seashells for their lime content has become a million-doUar-
a-year business. Agricultural lime and industrial lime are produced as

by-products of the major cement industry at Redwood City and intermit-

tently at other points in the Newark vicinity. Another possible source of

shell lime lies in the loose fossil-shell beds in the vicinity of Salton Sea,

Imperial County.

Marl is an intimate mixture of calcium carbonate and clay in various

proportions. The rock may be compart or friable and may be almost any
color. Most marl is the result of solidification of limy mud or ooze which
has accumulated on a lakebed or on a shallow sea floor, but marl-like

deposits sometimes accumulate around hot springs and even about

volcanic fumaroles and geysers. IMarls are often mixed with shells or

shell fragments and if such detritus is abundant the rock should be

called shell marl. Marls from the Minkler and Reedley districts have been

utilized extensively for agricultural purposes, and smaller marl deposits

have been used locally in the vicinity of Lakeside and Jamul, San Diego
County ; Helendale, San Bernardino County ; the Santa Theresa Moun-
tain foothills of Santa Clara County; and Matilija Canyon, Ventura
County.
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Travertine is a more or less banded limestone produced by evapo-

ration of carbonato-ladon liot-sprinp: waters. It is commonly composed
entirely of calcium carbonate and usually is a dense, compact rock.

Travertine seldom accumulates in deposits larjre enough to permit exten-

sive mining, but one large deposit at Cowell. Contra Costa County,
supported a cement plant for many years. Various mixtures of marl
and travertine have been mined for agricultural use in ]\Iatilija Canyon,
Ventura County, from time to time.

Calcareous tufa is a porous, friable, or compact lime rock which is

deposited at lake mar^j-ins and near hot springs, usually in arid regions.

The lime is partly prcL-ipitated by cliemical action and partly by algal

organisjus. h'atlicr extensive calcareous tufa deposits form weird land-

scape shapes north of Searles Tvake. Tnyo Count}^ but the material is

too remotely situated from arable land to be currenth^ usable as a source

of lime. Cah-arcous tufa has been quarried for agricultural use at

Laujihlin near llealdsburg, Sonoma County, by the Pacific Lime and
Sulphur Coinpany. Calcareous tufa deposits also occur at Mono Lake,

Mono County, and ]\Iarkleeville Creek, Plumas County.

Caliche is a light colored limy or marly accumulation found in

superficial deposits in the desert. It may occur as soil impregnation, as

thin beds and stringers in alluvium, and as matrix in coarse talus breccia.

Some caliche has been utilized for portland cement near Oro Grande,

San Bernardino Count}', but caliches commonly are not extensive enough
to be sources of agricultural lime.

Dolomite rock is composed predominantly of the mineral dolomite

(CaCOa'MgCOs). There are all gradations between pure dolomite rocks

and pure limestones ; intermediate varieties termed dolomitic limestone,

or limy dolomites depending upon the dominance of one or another of

these carbonate minerals. Dolomites closely resemble limestones but are

much less soluble in dilute hydrochloric acid and in most soil acids.

Owing to their high magnesium content and their lower solubility in

aeid solutions, dolomites are less satisfactory- than limestone as soil con-

ditioners. As California is well supplied with limestone, it is unlikely

that dolomite will be used as an agricultural mineral to any great extent.

Dolomite has been used in the eastern slates as a substitute for limestone,

as a fertilizer filler, and as a soil conditioner.

MINING AND PROCESSING OF LIME MATERIALS

Limestones are mined principally by surface methods in California.

Establishment of a quarry entails laying out a level for the quarry
fioor and driving a face above this level. In some localities it is neces-

sary to work down from the established quarry level or even to resort

to underground mining. Two mines in California use underground
methods. Subsurface mining of any type is necessarily more expensive
than working deposits which lie above a suitable base level. Cuarries
in very steep terrain are often as unsatisfactory as underground mines
because of the necessity of establishing numerous benches or quarry
levels or else of operating against dangerous, lofty working faces. Hill-

side deposits of moderate relief are most satisfactory.

Limestone is blasted from the quarry face to the quarry floor where
it is power-loaded onto trucks, railroad cars, or conveyor belts for trans-

portation to processing plants. Primaiy or coarse-crushing is sometimes
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accomplislied at the quarry and sometimes at the mill by jaw or gyratory

crushers. Final crushing at the plant is usually accomplished in a

ball mill.

For agricultural purpose, limestone is ground to a variety of sizes.

Poultry grit is ground in fairly coarse sizes, but most other agricultural

limestone is fine-ground. For use as a soil conditioner, the finer the

grind the faster the lime acts. If delayed release is desired, a coarser

grind is used. No specifications as to grain size of lime have been set

up in California ; various manufacturers make different grinds. Searles ^

states that "any residue left on a sieve having 100 holes per running
inch should be regarded as useless to the farmer or gardener as it will

not be available in the soil for ten years or more." Recent tests by
Greiner '^ indicate that this is far too pessimistic a view and tliat much
coarser material is markedly decomposed in some planted soils within

a one-year period.

Most marl deposits are worked without use of explosives. They
are connnonly stripped by bulldozers or ])ower shovels and loaded by
power equipment for truck delivery to mill or consumer. Some marls

are sufficiently friable to be used without grinding; others are crushed

in hammer or ball mills.

Hydrated lime (CaO-HoO) is the most common form of artificial

lime matei-ial sold for agricultural purposes. It is usually more finely

divided tlian ground limestone and for that reason is superior to it

for some agricultural uses. Quicklime (CaO) is used in small amounts
as a disinfectant.

Seashells for agricultural use are dredged from San Francisco Bay
by suction dredges, transported to the mill on barges, washed, and then

ground in ball mills in much the same fashion as limestone.

AGRICULTURAL USES OF LIME PRODUCTS

By far the largest part of current agricultural lime production

is applied to the soil either alone as a conditioner or as a filler in mixed
fertilizers. Lime has a number of well known functions in the soil

:

it acts as a plant food, as a neutralizer of soil acids, as a promoter of

growth of certain beneficial bacteria, as a promoter of decay of vegetable

matter, and as a deflocculator of clay in "heavy" soils. As most Cali-

fornia soils are neither acid nor lime deficient, most lime is applied as a

clay deflocculator to increase workability and permeability' of clay-rich

soils or as a carrier for other fertilizing materials.

Minor uses of lime in agriculture are

:

In carbonate form as a source of calcium in stock feed ; as seashells,

crushed limestone, or dolomite in poultry grit; as lime hydrate in insect-

icide fruit sprays; as lime hydrate; and as quicklime for disinfectant

ciround livestock corrals and buildings.

More precise data on characteristics, application, and use of lime

materials in California nui}' be found in publications of the State Depart-

ment of Agriculture, particulfirly those of the Agricultural Experiment
Station and the Bureau of ( 'hoiuistry.

1 Searles, A. B., Limestone and its products, p. 548, London, Ernest Benn Ltd., 1935.
= Greiner, Ernst W., Availability by particle sizes: Rock Products, vol. 53, no. 4,

pp. 123-125, 160-161, April 1950. Tart of a series of articles on niarlveting of agricultural
limestones.
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CALIFORNIA SOURCES OF SULFUR AND SULFURIC ACID
By jAMt;3 \V. Vehn'ON

It is estimated tliat 125.()0() tons of sulfur, elemental and combined,

were added to California soils durinji; 1948. Of this amount about 20,000

tons was elemental sulfur, the remainder beinj? in compounds such as

sulfuric acid, natural jrypsum, aluminum sulfate, copper sulfate, and
lime-sulfur. At present California's output of natural sulfur does not

exceed 1,000 tons per year, Texas and Louisiana dei)osits supplying the

bulk of the natural sulfur used in the state. Sulfuric acid is essential in

the production of most of the manufactured sulfur compounds. Most
of the sulfuric acid demands of California are mot by acid plants in the

state using for raw materials, elemental sulfur, sulfide minerals, and
hydrogen sulfide obtained from oil refinery gases. Most of the gypsum
used for agricultural purposes in California is produced from deposits in

the state.

The only sulfur deposits that have been rained commercially in Cali-

fornia in recent years are on the west slope of the Last Chance Kange,

Inyo County.^ Here sulfur zones are in a series of limestone breccias,

conglomerates, sandstone, and volcanics of Tertiary age. These occur-

rences are attributed to the oxidation of h^'drogen sulfide gas, or its inter-

action with sulfur dioxide gas of volcanic origin. The hydrogen sulfide

gas necessary for the reactions was derived from gypsum by the action of

organic matter and carbonic acid waters. Some sulfur was deposited here

by solfataric action. Lynton, in 1938, conservatively estimated the ore-in-

sight in these deposits to be 253,000 tons containing 40.3 percent sulfur.

Total reserves were believed to be approximately- 2,500,000 tons of sulfur.

Both surface and underground metliods have been employed in mining
Inyo County sulfur. Lack of water in this area has prevented the concen-

tration of the sulfur ore, or the application of mining processes similar

to those used at the Gulf Coast deposits which involve the use of large

quantities of super-heated water.

Small quantities of sulfur have been obtained from gypsum deposits

containing 3 to 7 percent sulfur in Inq)erial County. At the Leviathan

mine, Alpine County, sulfur associated with copper represents a poten-

tial commercial source.

Most of the minor occurrences of sulfur in California are the result

of solfataric action in the vicinity of recent volcanism, or sulfur asso-

ciated with cinnabar in California's numerous quicksilver deposits. The
Sulphur Bank deposits. Lake County, was originally mined for sulfur but

it has been principally a quicksilver property.

Production of sulfuric acid in California is centered in the Los
Angeles and San Francisco Bay areas. In the bay area, approximately

100,000 tons of pyrite from Shasta County mines are burned annually

to produce sulfuric acid. The ores thus used average about 50 percent

sulfur. Also, the smelting for metals of sulfide ores from California mines
and those of nearby states provides additional material for the produc-

tion of sulfuric acid.

Pyrite is an iron-sulfide mineral which is widespread in all kinds of

rocks and commonly occurs as a gangue mineral in metallic ore deposits.

1 Lynton, Edward D., Sulfur deposits of Inyo County, California : California Jour.
Mines and Geology, vol. 34, pp. 563-589, 1938.
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The pyrite being mined in Shasta Comity occurs as massive replacement
deposits in intrusive bodies of alaskite porj^hj'ry. The i^^rite deposits at

the Hornet mine of the Mountain Copper Company, the principal pro-

ducer, contain more than a million tons of ore averaging- 50 percent

sulfur. Pyrite is mined here by underground methods. Substantial

amounts of pyrite were mined for its sulfur content from Alameda
County deposits in the period 1891-1934. In Siskiyou County, large

deposits of pyrite occur as irregular replacement bodies and as dissem-

inated grains in a metamorphosed andesite.

Other smaller massive pyrite deposits are known in Mendocino and
Santa Clara Counties. Massive sulfide deposits containing principally

pyrrhotite, an iron sulfide mineral, in Orange, San Diego, and Trinity

Counties also contain substantial reserves of combined sulfur. These
deposits represent a potential commercial source of sulfur-bearing

material. Small pyrite occurrences of mineralogical interest are known
throughout California. Only the deposits of Shasta and Alameda Coun-
ties have been exploited for the sulfur in the pyrite.

Hydrogen sulfide gas evolved during petroleum refining is an
important source of sulfur for the manufacture of sulfuric acid in Los
Angeles and the San Francisco Bay area. The hydrogen sulfide gas is

selectively absorbed from refinery gases by use of liquids such as sodium
phenolate and diethanolamine. After stripping the hydrogen sulfide from
the liquid, the gas is either burned to sulfur dioxide or converted to

elemental sulfur.- The Hancock Chemical Company now recovers 50

tons of elemental sulfur per day from oil refinery hydrogen sulfide gas

of its plant near Los Angeles.

The sulfur dioxide gas necessary for making sulfuric acid is obtained

by burning elemental sulfur, roasting sulfide ores, and from burning
hydrogen sulfide gas. Two general types of processes are used to produce
sulfuric acid from sulfur dioxide ; the nitration and the contact processes.

The nitration processes involve the oxidation of sulfur dioxide hy oxygen,

nitric acid (or higher oxides of nitrogen) in the presence of water. The
final reaction products are sulfuric acid and oxides of nitrogen. The
contact processes oxidize sulfur dioxide to sulfur trioxide, utilizing

platinum, a vanadium oxide, or a vanadium silicate as a catalyst. The
sulfur trioxide is subsequently absorbed in concentrated sulfuric acid.

Elemental sulfur is used with calcium hydroxide in the preparation
of lime-sulfur solution. The California plants that produce lime-sulfur

solution are in Richmond, Port Chicago, El Segundo, and South Gate.

= New California plant makes sulfur from refinery gas : Oil and Gas Jour., vol. 47,
no. 51, p. 241, 1949.
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INTRODUCTION

Other than fertilizers and gypsum, limestone, sulphur, and sulphuric

acid relatively small amounts of mineral substances are used in the l)ene-

ficiation of California's soils; but of these substances of minor agricul-

tural use, most are readily obtainable from sources within the state.

Some of them are applied nearly as they occur in nature and require

verj^ simple treatment in preparation for mark(>t. Included in this group

are the boron minerals, clay, diatomite, peat, pumice, shale, and vermicu-

lite. Of these only vermiculite is not produced commercially in California.

Pyrophyllite and talc, mined in the state and marketed as insecticide

carriers, are not actually agricultural minerals because thcv are not use<l

to imjirove the physical characteristics of the soil or to promote plant

growth.

Other minor agricultural minerals used in California are artificially

prepared in chemical plants. These include aluminum sulphate, copper

sulpliate. iron sulphate, manganese sulphate, zinc sulphate, and zinc

oxide. Data are not readily available on the raw materials used by many
of the chemical plants in California, nor is it known with certainty in

what amounts such chemicals are brought into the state and marketed
as agricultural minerals. Of the chemicals listed above, however, all

except manganese sulphate are produced in California chemical plants.

Most of the materials used as minor agricultural minerals are con-

sumed in much larger quantities by other industries in the state. Regard-
less of the agricultural demands, therefore, such materials as the boron

minerals, clay, diatomite. pumice, shale, and talc can be easily obtained

on markets well established by other uses. Conversely, other materials,

such as the peat and pyrophyllite mined in California are largely depend-

ent upon the agricultural industries for their markets.

The following discussion is intended mainly as a brief outline of

the occurrences and production methods of mineral substances that are

used in comparatively small volume in the state 's agricultural industries.

The natural materials and the products of chemical plants will be con-

sidered separately.

(131)
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BORON MINERALS

Over nine-tenths of the world's output of boron minerals is obtained
from the desert regions of eastern and southern California where borates
occur as efflorescences on playa lake surfaces, as constituents of lake
brines, and as strata in folded Tertiary sediments. The boron minerals
currently produced in greatest quantity are kernite (Na2B407 -41120)
and borax (Xa2B4O7-10TL.O). Tn the past, ulexite (NaCaB-.OySHoO)
and colemanite (CaolicOn -oII^O) also were produced in large quantity,
but now they are of less commercial importance.

Since 1864 when boron minerals were first recovered in California,

they have been obtained successively from several types of deposits. For
a period ending in 1872 borax was recovered from lakes in Lake Count3\
During the following fifteen years borax and ulexite were removed from
the crusts of playa lakes in the Death Valley and Mojave Desert areas.

These operations terminated in the late eighteen-eighties with the dis-

covery of colemanite deposits in folded Tertiary sediments in the Calico

Mountains of San Bernardino County. Similar deposits were discovered
subsequently in the Death Valley area and in Los Angeles and Ventura
Counties. All Avere worked by underground methods.

Although large reserves of colemanite still remain in some of the
deposits mentioned above, very little colemanite has been mined since

1926. In this year large deposits of borax and kernite were opened near
Kramer, Kern County. The Kramer deposits, which have proved to be
the world's principal borate source, are also in« Tertiary sediments and
are likewise worked bj' underground methods. Significant quantities of

borax are also being recovered from the brines of Searles and Owens
Lakes as a by-product of operations aimed mainly at the recovery of other
saline minerals. In 1948 the output of boron minerals in California totaled

about 454.000 tons and was valued at about 11 million dollars.

The boron of commercial borate deposits is believed to have been
derived primarily from hot springs or fumaroles associated with Tertiary
voleanism. The leaching of hot spring borate deposits in arid regions
Avould ultimately lead to the concentration of boron in the waters of saline

lakes and to the precipitation of borates upon the evaporation of such
lakes. The Tertiary colemanite deposits of California are generally
believed to be folded playa deposits from which sodium borate has been
leached from original ulexite. The kernite of the Kramer deposits is

believed to have formed by the partial dehydration, through heating, of

borax that accumulated in a Tertiary basin.

CLAY AND SHALE

Because of the lack of experimental data the potential significance

of California's clay and shale occurrences to its agricultural industry is

not entirely clear. Numerous types of clay are mined in California, how-
ever, and shale is one of the state 's most prominent rock types.

Kaolin minerals, which form the most abundant of the clav mineral
groups, are also the most common constituents of the clays mined in Cali-

fornia. Among the state 's kaolin-rich commercial clays are the fire clays

used in the manufacture refractories and in heavy clay products; the

china clays used in the manufacture of whiteware, in refractories, and as

a filler; and shales and miscellaneous clays used as raw materials in

building brick, heavy clay products, and portland cement.
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Minerals of the montmorillonite jrroup are the principal constituents

of both the swellinp: and uon-swellin<; varieties of bentonite and of

fuller's earth. All throe occur in coniniercial ((uantities in California.

The non-swellinj,' bcntuiiitc ami fuller's cjiitli are used principally as

filtering: aprents in the clarification and deeolorization of oils and fats. Uf
the many uses of swelling bentonites, the principal one is as a constituent

of oil well drilliuGr Ihiids.

Fire cla>s and china clays are obtained in two general areas in

California. One is a narrow, discontinuous belt alouf; the foothills of tlie

central Sierra Nevada. In this belt the principal jiroduction centers are

at J.incoln and lone. The .second area is at the north end of the Santa Ana
Mouniains of southern California and centers al)out tlie Aberhill district.

TJie clays in these areas and at several other localities in the state formed

in early Tertiary time when a warm, moist clinuite caused a deep weather-

in<r of the land surface. JMuch of the clay ]n-oduced by such weathei-ini:

was transported and deposited in layoons and deltas of an early Tcrtiai-y

sea. ]\Iiscellaneous clays of lower «irade are obtained from Recent alluvial

deposits at numerous localities throupfhout the state. Shales exist in

uidimited quantities in ( 'alifornia. and are particularly abundant in the

marine Mesozoie and Cenozoic sediments of the Coast Ranges.

Bentonite and fuller's earth are generally believed to have altered

from volcanic rocks. In California these clays are obtained mainly from
deposits in the desert regions of the eastern and southern part of the state.

DIATOMITE

Diatomite is a light-weight sedimentary rock composed mostly of the

tests of minute siliceous plants known as diatoms. Diatomite is a very

porous material, and, when dry, is one of the least dense of all rocks.

Although its principal application is as a filtering medium, it is also used

extensively as a filler, insulating material, and abrasive. Its application

in agriculture is a very minor use.

California contains the nation's most extensive diatomite deposits

and is the principal diatomite-producing state. The largest of these

deposits have formed as marine sedimentary beds in upper Miocene and
lower Pliocene time. In the Santa Ynez Mountains and Santa Maria
Basin of Santa Barbara Comity high-grade diatondte deposits are as

much as 1000 feet thick. Other, though smaller, diatomite deposits occur

at several localities in the state as fresh-water lake beds of Tertiary and
Recent age.

Most of Califoi-nia's large marine diatomite deposits are in the

central and southern Coast Ranges. The largest single operation is near

Lompoc, Santa Barbara County. Other active deposits of marine origin

that are also being worked include another in the Lompoc area ; one near

Solvang, also in Santa Barbara County; and one in the Palos Verde
Hills, Los Angeles County. Fresh-water diatomite deposits are mined
at Tionesta, Modoc County, and at Zurich, Inyo County. Most of the

diatomite marketed for agricultural use is obtained in relatively small

operations in the San Joaquin Valley area.

PEAT

Peat is vegetal matter that has accumulated in lakes and swamps in

Recent geologic time. It is composed principally of the remains of such
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materials as mosses, tules, and grasses, and has undergone relatively little

decomposition. The commercial types of i)eat range from a high-grade

variety, formed from aquatic mosses and known as peat moss, through
sedge or tule peat to peat dirt which is merely soil with a high organic

content. Most of the world 's output of peat is consumed as fuel ; but over

nine-tenths of the peat marketed in the United States is used as a soil

amendment.
Several thousand tons of peat are produced in California eacli year.

Of this output most is obtained from relative]}'- large deposits of tule peat

and peat dirt. But one locality in the state yields the only peat moss
mined in the western United States. Most of the peat moss used in Cali-

fornia, however, is obtained from out-of-state sources.

The principal peat-producing localities in California are on the

delta of the low^er San Joaquin and Sacramento Rivers. The state 's peat

moss output is obtained from a bog in Jess Valley near Likely in Modoc
County. Other areas from which peat is obtained in commercial quanti-

ties are in Los Angeles, Orange, San Diego, Madera, Fresno, and Siski-

you Counties. Most of the peat mined in California has been removed
from the bogs by drag lines. Its treatment has consisted simply of ai'--

drying and shredding.

PUMICE AND PERLITE

Pumice is a light-weight, very porous, volcanic glass formed diirinji

the rapid solidification of a siliceous magma. Pumice is thrown from
volcanic vents and accumulates in detrital deposits known as tuffs.

Pumice deposits are widespread in California but are restricted to areas

of Tertiar}^ or Recent volcanism. Pumice is now used mostly as a light-

weight aggregate and in smaller, though significant amounts, as abrasive

material. It is extensively mined in California principally foi- these

purposes, but as yet only an insignificant amount of this output is mar-
keted as an agricultural mineral.

The active pumice operations in California include several in a vol-

canic belt east of the Sierra Nevada. Others are in the desert region of

southern California, the western foothills of the Sierra Nevada, the

Coast Ranges, and in the northeastern part of the state. Most of the

state's pumice output is obtained from deposits in Inyo, Madera, Mono,
Napa, San Bernardino, Siskiyou, and Stanislaus Counties. All of the

pumice currently mined in California is obtained in open-cut operations.

In the past, however, some was removed by underground methods.

Strictly defined, the name "perlite" refers to a glassy, volcanic

rock capable of breaking down into small concentric-shelled spheres ; but
in commercial usage the name is applied to any glassy volcanic rock that

upon heating will expand into a froth}' substance. Such expansible rock

is characteristically acidic and contains from 3 to 5 percent water. It

ordinarily occurs as layers in thick sections composed of flows and pyro-

clastic rocks. Like pumice, expanded perlite is used mainly as a light-

weight aggregate. Its use as a soil conditioner is minor.

Perlite deposits, although confined to areas of Tertiary or Recent
volcanism, are widely distributed in California. They are known to exist

at numerous localities in the northeastern part of the state, in the Coast
Ranges north of San Francisco Bay, and in the desert region of eastern

and southern California. Only two of these deposits are currently active
;

one near Bigpine, Inyo County, the other near Rutherford, Napa County.
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l>oth arc surface operations. Most of the i)crlito expanded and marketed

in California is bnmgfht into the state from Nevada, Arizona, and Xew
Mexico.

PYROPHYLLITE

As previously mentioned, pyropliyllite actually is not an a^n-icul-

tnral mineral in that it is not uscmI as a soil amendment. The minerars

chemical inertness and easy «j:rindal)ility, however, has led to its wide-

spread use as an insecticide carrici-. Indeed, the niiniufr of pyropliyllite

in California is supported nuiinly by its ajiricnltural use. Pyroi)hyllite

also etl'ectively serves as a fillei- in numerous substances and as a cer;imie

raw material.

Pyropliyllite, a hydrous aliuninum silicate, lias been jn-oduced in

commercial quantities in California only since '\9i^^. It is currently beinp:

mined in three areas, one each in ^lono. Inyo, and San Diegro Counties.

The deposits of .Mono County are on the west face of the AVhite ^Mountains

w here a 2-mile pyrophyllitie belt forms part of a series of hi<2:hly meta-

morphosed pre-Cambrian sedimentary and volcanic rocks. This belt is as

much as sevei-al hundred feet wide, contains the lar<i-est of the state's

known pyro])hyllite reserves. Not all of the belt, however, is composed of

minable material. The Tnyo County source is about 5 miles north of

Aberdeen and is reported to occui- as an altered layer in a Paleozoic

sedimentary section. The pyropliyllite mined in San Die'jo County is

obtained from the San Dieuuito area where the mineral occui-s in lenses

that have altered from Jurassic ( ?) volcanic rocks. Nearly all of the pyro-

pliyllite mined in this area has been obtained from a single pyropliyllite

schist mass at least loO feet lonir and 10 to 22 feet in outcrop breadth.

The deposits in each of the three areas are mined by oi)en-cut

methods. The pyroiihyllite is prepared for market by dry-^rindinp: to a

size less than 200 mesh.
TALC

The mineral talc closely resembles pyrophyllite in its physical prop-

erties, but is a hydrous ma<rnesium silicate rather than a hydrous alumi-

num silicate. Because talc, like pyropliyllite, is comparably inert and

easily ground, it is valued as an insecticide carrier. Only a small fraction

of the nearly 100,000 tons of talc now produced each year in California,

however, is marketed for this use. Most of the state's talc production is

used as raw matei-ial in ceramic bodies, as filler, or as paint extender.

The principal talc sources in California occur in a 200-mile belt

which is near the state's eastern border and includes parts of Tnyo and

San Bernardino Counties. Talc deposits in the Tnyo Kange and its vicin-

ity have formed mostly as alterations of I'aleozoic dolomite; but appre-

ciable amounts have also altered from silica rocks and granites. In a

region extending from southern Death Valley eastward to the California-

Nevada line, extensive talc deposits have formed as alterations of pre-

Cambrian carbonate strata at or near the borders of diabase sills. Talc

deposits in the Silver Ijake-Yucca (J rove area are selective replacements

of carbonate strata in a highly metamorphosed pre-Cambrian section

that has been extensively invaded by granitic rocks. ]\Iany of the talc

deposits in the Death Valley and Silver Lake-Yiu-ca Grove regions also

contain large amounts of the mineral tremolite.
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Another extensive tale-bearing belt is in the western foothills of the

Sierra Nevada. The talc deposits of tliis area are associated with serpen-

tine and talc-aetinolite schist. Thoiij-h extensive, they do not contain talc

of as high quality as the deposits in eastern California, and their markets
have been limited. The Sierran foothill talc, however, has proved suitable

for use as an insecticide carrier and several thousand tons of the material

are sold each year for this purpose.

]Most of the talc mines in eastern California are underground opera-

tions, but surface methods have been locally open cuts. The milling of

talc, like that of pyrophyllite, simply involves dry grinding to a size less

than 200 mesh.

VERMICULITE

The name '

' vermiculite '

' is applied to a group of micaceous minerals

that expand to several times their volume when heated. They have vari-

able compositions, but all are hydrated silicates. Material marketed as

vermiculite commonly also contains the mineral biotite, A\hich, if present

in appreciable quantities, will decrease the degree of expansion. The
application of expanded vermiculite as a soil amendment stems from its

lightness of weight and its ability to hold air and moisture, but the mate-

rial is used principally as a light-Aveight aggregate and as an insulating

medium.
Vermiculite occurrences in California include localities in Fresno,

Riverside, and San Diego Counties ; but there has been no recorded com-
mercial production of vermiculite in the state. T^arge quantities of the

material, however, are shipped from a deposit near Libby, Montana, and
expanded in California plants. The Montana deposit, which is the

nation's principal vermiculite source, has formed by the hydrothermal
alteration of an ultrabasic igneous rock.

ALUMINUM SULPHATE

In the preparation of solid aluminum sulphate, finely powdered
bauxite, a hj'drated aluminum oxide, is dissolved in sulphuric acid and
impurities are removed. After the solution is concentrated in a boiler

and is allowed to stand for several hours, the aluminum sulphate forms
as a white cake.

Aluminum sulphate is manufactured in California at plants in Rich-

mond and Port Chicago ; but the bauxite has been obtained from deposits

in the southeastern United States. In mid-1950, when this report was
written, the use of foreign bauxite was anticipated. Bauxitic clays in

relatively small amounts have been noted at several localities in Cali-

fornia, including the lone area, Amador County, and the Alberhill area,

Riverside County; but as yet none of this material has been used in

aluminum sulphate manufacture.
Agricultural applications of aluminum sulphate account for only

a small part of its total markets. Tlie chemical is used principally in the

paper and textile dye industries, and in the purification of water.

COPPER SULPHATE

The copper sulphate produced in California, as well as the world
over, is formed by the action of sulphuric acid upon elemental copper.

Two plants in the state, one at Richmond and another in ]\lartinez,
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currently produce copper sulphate. Most of their output is marketed as

an insecticide injrredient, and only a very small proportion of it is con-

sumed as an aprricultural mineral. The principal raw materials used by

these plants are copper precipitates from mine water. These are aug-

mented with scrap copper. The mines from which the precipitates are

obtained are in the Iron ^lountain area northeast of Redding, Shasta

County.
Tho amount of copper suli)hate that has been produced in the state

from such precipitates, is insignificant compared to the amount of

copper metal obtained from California ores. The state's copper output,

which totals more than 600,000 tons is valued second only to that of gold.

All but a small amount of this output has been obtained from three dis-

tricts, one in Shasta County, another in Plumas County, and a third in

Sierran foothill counties. Nearly all of these deposits are veins or replace-

ment bodies of copper sulphides in igneous or metamorphic rocks.

Although some of the metallic copper produced from California ores has

been eventually consumed as scrap in copper sulphate production, the

original source of such material is of little signiiicance to the chemical

industry.

IRON SULPHATE

Ferrous sulphate is generally a by-product of steel mills, and is

produced from waste pickling liquors, which are neutralized with scrap

iron, filtered, and concentrated. Crystals of FeS04.7PT20 form when the

hot, concentrated liquors are cooled. Ferrous sulphate is manufactured

at several plants in the Los Angeles and San Francisco Bay areas, but

most of them do not offer the material on the open market.

One company, which operates a ferrous sulphate plant in Richmond,

does market its product. In this operation scrap iron is dissolved in sul-

phuric acid, the liquid is concentrated, and h^'drous ferrous sulphate

forms. Tn mid-lDSO this company planned to convert to the use of pick-

ling lifiuid imported from the eastern United States. At that time also, the

same company had recently constructed a plant to produce anhydrous

ferric sulphate. This plant uses iron oxide cinders, derived from the

roasting of pyrite in the production of sulphuric acid, and combines them
with sulphuric acid. The pyrite is obtained from deposits at Iron Moun-
tain northeast of Redding in Shasta County.

ZINC SULPHATE

Because of low demands, relntively sin;ill amounts of zinc sulphate

have been produced in California; but i)lants in both the San Francisco

Bav area and Los Angeles area have manufactured this material. These

generall}' employ by-product, zinc-bearing substances, and obtain them
from various smelters throughout the western United States. Zinc dross

has been imported from Kellogg, Idaho. Densified fume dust has been

obtained from this source and from Tooele, Utah. Roasted zinc concen-

trates have been shipped from Amarillo, Texas. Most of the zinc sulphate

now produced in California uses various by-products obtained from the

manufacture of spelter at a plant in Torrance, California. In the manu-
facture of zinc sulphate, zinc is dissolved in sulphuric acid; the solution

is purified and evaporated to produce hydrous crystals.
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Althoiipli zinc-bearing ores have been mined at numerous localities

in California, about half of the state's total zinc output was obtained
during World AYars I and II. The current production is but a small frac-

tion of the national total and is shipped to out-of-state smelters. The
nearness of zinc deposits, therefore, is currently of little economic sig-

nificance to plants producing zinc sulphate in California.

Most of the state's zinc output is now obtained from mines in Inyo
County where zinc and lead minerals occur in close association. These
deposits are veins or replacement bodies in Paleozoic carbonate sedi-

ments. In the past, relatively large quantities of zinc were obtained as a

by-product of the previously mentioned copper mines, in the Sierran
foothills, and in Plumas and Shasta Counties.
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Range, 124
Diego Bay, 124

County, 46, 119, 124, 130, 134, 135, 136
Dieguito area, 135
Francisco, 50, 112

Bay, 124, 134
area, 73, 129, 130, 137

Gabriel, 47
Mountains, 74
Range, 124
River, 47

Jacinto-Santa Rosa Mountain area, 124
Joaquin loam, 61, 62, 63

-Redding association, 14, 19
River, 39, 47, 134
series, 14, 31, 61
Valley, 25, 26, 27, 39, 40, 46, 48, 66, 74, 82, 87, 106, 107, 108, 109, 110, 111,

117, 133
Jose, 88
Luis Obispo County, 117, 124

Santa Ana, 66
Mountains, 133
River, 147

Barbara County, 120
Clara County, 124, 130

River, 47
Valley, 40, 56

Cruz County, 26, 71, 95, 123
Portland Cement Company, 71

Lucia series, 13
Maria, 56

Basin, 133
River, 47

Theresa Mountain, 124
Ynez Mountains, 133

Searles. A. B., cited, 126
Lake, 71, 73, 75, 76, 77, 125, 132

Sespi series, 64
Seville series, 14
Sewage sludge, 90
Shafter, 56, 62
Shale, 97
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Sliiindon, 117
Sliasta Coiiiitv. :;o, 04. IJ!), l.'Kt, l.'tT, 138

Dam, .•V.»

t<erit's, 14
Sliaw, C. F.. 11. Ur.

Shfdd serit's. l."{

Shell ("1 lical ("onumny, 68, 70
Toiiit. 08. 70

Sheridan series, K'
Sierra, lilt. 47

Nevada. rj.I.l.Ti, 134, KJG
saiid\ loam. .")N

.veries. i:',, :',l.(n

Sihcr Lake-Viicca Crovearea, l.'i."

Siskiyou County. (14. i;'.(), 134
.series, 13, 31

Sites series, 1,3

Sodium nitrate, 01)

Soil Conservation Service, 12
"Soilmaker", 82
Soledad. 02
Sonoma Count.v, 89, 125
SiKjuel series. l."»

Son ento series, 12, 31
South Carolina. ItO

(Jatt-. 130
Split Mountain. 119
Siacey series. 14
Stan(lish sandy loam, 56

series. 14
St.-inislaus County. 04. 1:54

Sl.ite IJureau of Chemistry. 07
Conservation Commission. 39
l)ei)artnient of AKriculture. 79
Division of Water Resourees, .39

Staten series. 15
Stockton. 05

-Sacramento association. 15. 19

series, 1.5, .31

Storie index. K!. 17. 18
Snlpliur. !l7

r.auk deposit, 129
Sulphuric acid. MS
Sunrise series. 1.5

Superstition series. 15, 20
Surprise series, 14
Susanville, .50

Sutter, Mr. —,50
series, 14

Swit/.erl.-ind, .50

T
Tapo Alto Mountain, 124
Teei.le. .I.E., cited. 70
Tehama County, 04, 89
Tennessee, 90
Tertiarv, 74, 110. 120, 124, 129, 132, 133, 134

pre-, 120
Texas, 05, 120. 1.37_

'Thermo riios". 75
Tierra series. 15. 49
Tijeras series, 15
Tionesta, 1.33

Tooele. 137
Torrance. 137
Trail, r.ritish Columl.ia, 68. 09, 70
Transverse Ranges, 124
Traver series. l4
Trinity County. 1.30

Tubac series, 1.5

Tulare Lake, 47
series, 14

Tulelake. .50

Tumey Gulch. 117
Tuolumue County, 123
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U
rndenvood series, 13
United States Bureau of Plant Industry, Soils, and Agricultural Engineering, 34

Reclamation, 39
Conservation Service, 50
Department of Agriculture, 80
Forest Service, 47
Gypsum Company, 110, 120

University of California, 33, 57, 58, SO, lOG
Citrus Experiment Station, 42, 52, 55

"Uramon", G9
Urea, on
Utah, 74,137

V
Vallecitos series, 13
Valley View mine, 117, 118
Vanderford deposit, 117
A'euice series, 15
Ventura County, 64, 119, 120, 124, 125, 132
\'ermiculite, 98
Vernon, 71, 75
Ver Planck, W. E., cited, 75
Vina-Modoc association, 14, 19

series, 14
Visalia, 112

series, 14
Vista series, 13
Vlamis, J., cited, 62

W
Wapato series, 15
Warren and Son, 48
Wasco soil survey area, 35
Washington, D. C, 80
Watsonville, 61, 63

series, 15
Wauliena series, 14, 31
Western Gyi)sum Company, 117
AVest Virginia, 69
White Mountains, 135
Willows series, 15
Woodland, 56, 62
Woodrow series, 15
World War I, 73, 77, 138

11,73,138
Wrightwood district, 124
Wyman series, 14
Wyoming, 73, 74, 90

Y
Yokohl series, 14
lolo loam, 12, 20, 43, 54, 56, 57, 62

series, 12, 14, 31, 61
-Sorrento association, 14, 19

Yreka, 123
Yuba County, 64

Z
Zaca series, 13
Zamora series, 14
Zinc compounds, 99
Zurich, 133
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